I hereby certify that thic paper it being depocitod with the United States I 
Postal Service as Express Mail in an envelope addressed to: U.S. Patent 
and Trademark OfTlc^^O. Box 2^27^ Arlingto;ij, VA 22202, on this 

1 1-^0-01 





Date Express Mail Label No.:EL846222725US 

TITLE OF THE INVENTION' 



Apparatus For Manufacturing Bonded Substrate 
BACKGROUND OF THE INVENTION 



The present invention relates to apparatuses for 
manufacturing bonded substrates, and, more particularly, to 
apparatuses for manufacturing panel displays that have a 
predetermined gap between a pair of substrates, for example, 
liquid crystal displays (LCDs) . 

Panel displays such as LCDs with larger display areas are 
now being developed. Further, to improve the resolution, an 
increased pixel count per unit area is demanded in the panel 
displays. Accordingly, an apparatus for manufacturing panel 
displays with bonded substrates must be capable of accurately 
aligning the substrates even if each substrate is relatively 
large . 

Fig. 1 is a plan view showing a portion of a prior art, 
active-matrix type liquid crystal panel display 10, as viewed 
from a color filter substrate. 

The liquid crystal panel display 10 includes an array 
substrate 11 and a color filter (CF) substrate 16. The array 
substrate 11 has a plurality of pixel areas 12 that are formed 
in a matrix-like manner. Each pixel area 12 includes a switch 
element, or a thin film transistor (TFT) 13. The pixel areas 
12 form a display area 14. A gate electrode of each TFT 13 is 
connected to a gate line (not shown) . A drain electrode of 
each TFT 13 is connected to a data line (not shown) . A source 
electrode of each TFT 13 is connected to a pixel electrode 
(not shown) formed in each pixel area 12. A plurality of data 
lines and gate lines are located at the periphery of the array 
substrate 11 and are connected to a terminal portion 15. The 
terminal portion 15 is connected to an external drive source 



(not shown) . 

The CF substrate 16 is smaller than the array substrate 
11 by an area that substantially corresponds to the area of 
the terminal portion 15. The CF substrate 16 is spaced from 
5 the array substrate 11 at a predetermined interval. A cell 
gap is formed between the CF substrate 16 and the array 
substrate 11 and is filled with liquid crystal. The dimension 
of the cell gap (the cell thickness) is thus substantially 
equal to the interval between the CF substrate 16 and the 
10 array substrate 11. The CF substrate 16 includes a common 
electrode (not shown) and a black matrix (BM) 17, or a 
shielding film such as a color filter (red (R) , green (G) , or 

□ blue (B) ) and a chrome film. The BM 17 is located at a 
position corresponding to certain pixel areas 12 in the 

^3 15 display area 14 to form a contrast and shields each TFT 13, 

□ thus suppressing a light leak current. A BM periphery 18 

2 shields the display area 14 from unnecessary light from the 

s exterior. The array substrate 11 is bonded with the CF 

U substrate 16 through a seal 19 that contains thermosetting 

20 resin. 

C3 

P A procedure for manufacturing a liquid crystal display 

t . 

mainly includes an array step, a cell step, and a module step. 
The array step includes formation of a wiring pattern and the 
switch elements (TFTs) 13 (in the case of an active-matrix 

25 type display) on each glass substrate 11, 16. The cell step 

includes alignment of liquid crystal, installation of spacers, 
and filling of liquid crystal in the cell gap between the 
substrates 11, 16. The module step includes installation of a 
driver IC and a backlight. 

30 Conventionally, liquid crystal is filed in the cell gap 

in accordance with a vacuum method. In the method, the array 
substrate 11, which has the TFTs 13, is bonded with an opposed 
substrate, or the CF substrate 16, through the seal 19 located 
between the substrates 11, 16. After the seal 19 is hardened, 
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the liquid crystal and the substrates 11, 16 are supplied to a 

depressurized treatment chamber. An inlet is formed in the 

seal 19, and the substrates 11, 16 are placed in the treatment 

chamber to immerse the inlet in the liquid crystal. The 

5 pressure in the treatment chamber is then increased to the 

atmospheric level. This introduces the liquid crystal into 

the gap between the substrates 11, 16. Subsequently, the 

inlet is sealed. 

The liquid crystal may be filled in the cell gap in 

10 accordance with a drip method. In that method, the seal 19 is 

placed around the array substrate 11 in a frame-like shape. A 

p predetermined amount of liquid crystal is then dripped on the 

'"^ array substrate 11. Subsequently, the array substrate 11 is 

\U bonded with the CF substrate 16 under depressurization . In 

CO 

p 15 this state, liquid crystal develops in the cell gap to fill 
'^'J the gap. As compared to the vacuum method, the drip method 

= requires less liquid crystal and shortens the time consumed 

[~ for the operation. This lowers the cost for manufacturing the 

ly panel display and improves mass-productivity. 

j5 20 However, an apparatus for manufacturing a panel display 

^* in accordance with the drip method has the following problems. 

[1: Deformed substrates, display defects, and insufficient 
substrate attraction] 

A conventional apparatus for manufacturing a bonded 
25 substrate holds each substrate 11, 16 with a vacuum chuck, an 
electrostatic chuck, or a mechanical chuck. 

More specifically, when the vacuum chuck is used, each 
substrate 11, 16 is placed on an attraction side of a parallel 
surface plate. The vacuum chuck attracts a corresponding side 
30 of each substrate 11, 16 through vacuum, thus holding the 
substrate 11, 16. In this state, an appropriate amount of 
liquid crystal is dripped on the array substrate 11 with a 
dispenser. Subsequently, the CF substrate 16 is aligned with 
the array substrate 11, and the substrates 11, 16 are bonded 
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together in a depressurized treatment chamber. 

However, if the treatment chamber is depressurized 
sufficiently, the holding performance of the vacuum chuck is 
lowered and the vacuum chuck cannot hold each substrate 11, 16 
in a stable manner. To avoid this, the treatment chamber 
cannot be depressurized optimally. Accordingly, sufficient 
pressure for bonding the substrates 11, 16 together does not 
act on each substrate 11, 16. As a result, the substrates 11, 
16 are bonded together non-unif ormly , thus causing a display 
defect in a resulting product. 

The mechanical chuck holds the array substrate 11 and the 
CF substrate 16 with an engagement piece, such as a holder and 
a ring. In this case, the reactive force to the holding force 
of the mechanical chuck acts only in a limited part of each 
substrate 11, 16. This deforms the substrates 11, 16. Thus, 
the substrates 11, 16 are not located parallel with each other 
when bonding the substrates 11, 16 together. If the 
substrates 11, 16 are bonded in this state, the substrates 11, 
16 are misaligned. This reduces the aperture ratio of each 
pixel (TFT) 13 or causes a problem such as a light leakage 
from a shielded portion. 

In the case of the electrostatic chuck, voltage is 
supplied between an electrode formed on a parallel surface 
plate and a conductive film formed on each glass substrate 11, 
16. This generates a Coulomb force between each glass 
substrate 11, 16 and the associated electrode to attract the 
glass substrate 11, 16 to the associated electrostatic chuck. 
The glass substrates 11, 16 are then placed in the treatment 
chamber as opposed to each other. The treatment chamber is 
then depressurized to bond the substrates 11, 16 together. 
However, in this case, glow discharge occurs between the 
opposed substrates 11, 16 during the depressuri zat ion of the 
treatment chamber. This damages a circuit or TFTs formed on 
each substrate 11, 16, thus causing a defective product. 



Further, if air is trapped between each substrate 11, 16 and 
the associated electrostatic chuck, the substrate 11, 16 may 
separate from the chuck during the depressurization of the 
treatment chamber. 

[2: Damaged liquid crystal and misaligned substrates] 

Conventionally, the seal 19 is formed of photoresist 
material that hardens in a relatively short time or 
thermosetting photoresist material that hardens when exposed 
to light and heat. However, when irradiating UV light to the 
seal 19 for hardening the seal 19, the liquid crystal in the 
vicinity of the seal 19 is also exposed to the light. This 
causes display non-unif ormness near the boundary between the 
seal 19 and the liquid crystal. 

Further, when the seal 19 is exposed to the liquid 
crystal before being hardened completely, a component of the 
seal 19 may elute into the liquid crystal, thus contaminating 
the same. To avoid this, an intense UV light may be used to 
irradiate to the seal 19 to rapidly harden the seal 19. 
However, in this case, the UV light is diffused by the 
substrates 11, 16, thus exposing the liquid crystal to the 
light . 

Generally, exposure of liquid crystal to the UV light 
changes properties of the liquid crystal. Particularly, the 
substance's specific resistance is reduced. The liquid 
crystal thus cannot meet a requirement that an LCD with TFTs 
should have a relatively high voltage maintaining rate. That 
is, a liquid crystal cell's drive voltage in the exposed 
display portion is varied with respect to that in the non- 
exposed display portion, for example, the middle of the panel 
display. This causes display non-unif ormness , particularly in 
half tone. 

Fig. 2 shows a prior art panel display 10. The panel 
display 10 has a spacer frame 20 located along the periphery 
of each substrate 11, 16. The spacer frame 20 prevents the 



seal 19 in a non-hardened state from being exposed to liquid 
crystal 21. However, if an excessive amount of liquid crystal 
is filled in the gap between the substrates 11, 16, the liquid 
crystal flows from the gap through the spacer frame 20 (see 
Fig. 3) . In this case, the seal 19, which is not yet 
hardened, is exposed to the liquid crystal, for example, at 
positions 22. Each dot in Fig. 3 corresponds to a position at 
which the liquid crystal 21 is dripped. 

The substrates 11, 16 are bonded together under 
depressurization . Thus, if the substrates 11, 16 are exposed 
to the atmospheric pressure, the middle of each substrate 11, 
16 is deformed, thus forming a space between the spacer frame 
20 and the substrates 11, 16. In this case, the seal 19 is 
exposed to the liquid crystal 21, which is wet. 

Further, even after the substrates 11, 16 are thermally 
hardened, a reactive force due to original waviness and warp 
of each substrate 11, 16 remains acting on the substrate 11, 
16. Thus, if the seal 19 is formed of photoresist 
thermosetting material, the reactive force may be released 
when heating the substrates 11, 16 that are hardened. This 
misaligns the substrates 11, 16. 

Also, there may be a change in the environment or 
condition of each substrate 11, 16 after the bonded substrates 
11, 16 are exposed to the atmospheric pressure for hardening- 
the seal 19. Further, when forming the cell gap, the 
substrates 11, 16 may be held in an unstable manner or may be 
distorted. In these cases, the opposed substrates 11, 16 are 
bonded together as misaligned, thus leading to a defect in the 
cell gap. Accordingly, it is complicated to manufacture the 
panel display 10 in a stable manner. 

[3: Non-uniform cell thickness and its effects on substrates] 

To distribute liquid crystal uniformly between the 
substrates 11, 16, the substance must be dripped at a 
plurality of positions of the substrate 11. However, since 



the amount of liquid crystal supplied to the substrate 11 is 
relatively small as a whole, the drip amount for each drip 
position must be adjusted accurately. Further, if there is an 
environmental change, for example, a temperature variation, 
the viscosity or volume of liquid crystal is altered. Also, 
drip performance may be varied among dispensers (drip 
devices) . These factors vary the drip amount for each drip 
position, and the resulting cell thickness becomes non- 
uniform . 

Figs. 4A, 4B, 4C are cross-sectional views for 
illustrating uniform or non-uniform cell thickness of a liquid 
crystal panel display. In the liquid crystal panel display of 
Fig. 4A, an optimal amount of liquid crystal is supplied 
between the substrates 11, 16. The panel display thus has a 
desired cell thickness. More specifically, the array 
substrate 11 is optimally bonded with the CF substrate 16 
through the seal 19. A plurality of spacer beads 23 ensures a 
predetermined cell thickness. 

As shown in Fig. 4B, if an excessive amount of liquid 
crystal is supplied between the substrates 11, 16, the seal 19 
is not pressed to a target dimension. This causes display 
non-unif ormness near the periphery of the panel display. 

If a further excessive amount, of liquid crystal is 
supplied between the substrates 11, 16, not only the seal 19 
is insufficiently pressed, but also the middle of the panel 
display is expanded, as shown in Fig. 4C. In this state, 
display non-unif ormness is caused in the entire panel display. 
[4: Undesired exposure of substrates to liquid crystal] 

Each substrate 11, 16 includes an alignment mark of 
several micrometers. As described, the substrates 11, 16 are 
bonded together under depressurization after liquid crystal is 
dripped on the substrate 11. During the bonding, the 
substrates 11, 16 are aligned based on a camera image of the 
alignment marks such that the substrate 16 is not exposed to 



the liquid crystal on the substrate 11. If the exposure 
occurs, the liquid crystal adheres to the substrate 16, thus 
causing a non-uniform cell gap in the resulting panel display 
or exposure of the seal 19 to the liquid crystal. 

Generally, the substrates 11, 16 must be bonded together 
with the accuracy of an order of several micrometers. Thus, a 
lens with a relatively long focus distance is needed to view 
the alignment marks of both substrates 11, 16 at the same 
time, if the substrates 11, 16 are spaced from each other. 
However, this lens has a complicated structure and is 
sometimes unavailable. This makes the bonding procedure 
difficult, and a defect may be caused in the bonded substrates 
11, 16. 

[5: Non-uniform pressing of substrates] 

When bonding the substrates 11, 16 together, the opposed 
substrates 11, 16 are pressed to each other to obtain a 
predetermined cell thickness. Thus, each substrate 11, 16 
must be maintained parallel with each other, and an equal 
pressure must be applied to the substrates 11, 16. More 
specifically, after dripping liquid crystal on the substrate 
11, the substrates 11, 16 are pressed to each other in a 
vacuum treatment chamber. However, a pressing device, such as 
a hydraulic cylinder, is located outside the treatment chamber 
and is exposed to the atmospheric air. Thus, the atmospheric 
pressure corresponding to the introduction cross-sectional 
area of the pressing device acts on the pressed surface of 
each substrate 11, 16. Generally, the relationship between 
the operational amount of the pressing device and the pressure 
of the pressing device applied to each substrate 11, 16 is 
predetermined through an experiment. The pressure of the 
pressing device is controlled in accordance with this 
relationship. However, for example, aging of the pressing 
device may alter the pressure applied to the substrates 11, 
16. This hampers reproducibility of the bonding. Further, 



the substrates 11, 16 may not be sufficiently pressed to each 
other . 

BRIEF SUMMARY OF THE INVENTION 

Accordingly, it is an objective of the present invention 
to provide an apparatus for manufacturing a bonded substrate 
that suppresses a defect in a resulting product. 

To achieve the foregoing and other objectives and in 
accordance with the purpose of the present invention, the 
invention provides an apparatus for manufacturing a bonded 
substrate. The apparatus includes a treatment chamber and 
first and second holding units, which oppose each other in the 
treatment chamber. The first and second holding units 
respectively hold first and second substrates. At least one 
holding unit generates pressure to attract the associated 
substrate through vacuum. The apparatus further includes a 
vacuum pump, which depressurizes the treatment chamber, and a 
control device, which controls the treatment chamber, the 
first and second holding units, and the vacuum pump. The 
control device instructs each holding unit to attract the 
associated substrate through vacuum, depressurizes the 
treatment chamber, and substantially equalizes the pressure 
applied by at least one holding unit with the pressure in the 
treatment chamber. 

A further perspective of the present invention is a 
method for bonding a first substrate with a second substrate 
in a treatment chamber, which accommodates a first holding 
unit that attracts the first substrate and a second holding 
unit that attracts the second substrate. The method includes 
the steps of transporting the first and second substrates as a 
pair to the treatment chamber, attracting each substrate to 
the associated holding unit through vacuum by applying 
pressure to the substrate, depressuri zing the treatment 



chamber, and substantially equalizing the pressure applied to 
each substrate with the pressure in the treatment chamber. 

Other aspects and advantages of the invention will become 
apparent from the following description, taken in conjunction 
with the accompanying drawings, illustrating by way of example 
the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention, together with objects and advantages 
thereof, may best be understood by reference to the following 
description of the presently preferred embodiments together 
with the accompanying drawings in which: 

Fig. 1 is a partial view showing a prior art liquid 
crystal panel display; 

Fig. 2 is a cross-sectional view showing another prior 
art liquid crystal panel display; 

Fig. 3 is a view schematically showing a liquid crystal 
panel display fabricated in accordance with a prior art 
process; 

Figs. 4A, 4B, and 4C are cross-sectional views each 
showing a liquid crystal panel display fabricated in 
accordance with a prior art process; 

Fig. 5 is a block diagram schematically showing an 
embodiment of a bonding apparatus according to the present 
invention; 

Fig. 6 is a view schematically showing a transport device 
of Fig. 5; 

Fig. 7 is a view schematically showing a liquid crystal 
drip device of Fig. 5; 

Figs. 8A, 8B, 8C, 8D are views each schematically showing 
a dispenser of Fig. 7; 

Fig. 9 is a diagram schematically showing dripping of 
liquid crystal; 
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Fig. 10 is a view schematically showing a transport 
device that transports a substrate to a vacuum chamber; 

Fig. 11 is a view schematically showing the vacuum 
chamber and an electrostatic chuck; 

Figs. 12A and 12B are views schematically showing an 
attraction side of the electrostatic chuck, and Figs. 12C and 
12D are views schematically showing a flat plate of Fig. 21; 

Figs. 13A and 13B are cross-sectional views schematically 
showing the electrostatic chuck; 

Figs. 14A and 14B are block diagrams showing an 
equivalent circuit of the electrostatic chuck; 

Fig. 15 is a timing chart showing variation in waveforms 
of voltage applied to the electrostatic chuck; 

Figs. 16A, 16B, and 16C are views schematically showing a 
process for separating substrates; 

Fig. 17 is a view schematically showing an alignment 
device ; 

Fig. 18 is a view explaining an alignment control 
procedure; 

Fig. 19 is a view schematically showing a pressing 
device; 

Fig. 20 is a perspective view showing a chuck unit; 

Fig. 21 is a view schematically showing a transport 
device that transports a substrate to a seal hardening device; 

Fig. 22 is a view schematically showing a seal hardening 
device ; 

Figs. 23A and 23B are views schematically showing a 
bending correction mechanism; 

Figs. 24A and 24B are views explaining bending of a 
substrate; 

Figs. 25A, 25B, 25C, 25D, and 25E are views explaining a 
method for correcting the bending of the substrate; 

Fig. 26 is a view schematically showing a modification of 
the transport device of Fig. 10; 
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Fig. 27 is a view schematically showing a modification of 
the alignment device of Fig. 17; 

Figs. 28A, 28B, and 28C are views each showing a 
modification of the attraction side of Fig. 12A; 
5 Fig. 29 is a view explaining correction of the alignment 

device ; 

Fig. 30 is a view schematically showing a bonded 
substrate manufacturing apparatus of another embodiment 
according to the present invention; 
10 Figs. 31A, 31B, and 31C are views explaining alignment 

marks; 

Fig. 32 is a view explaining another alignment control 
procedure; 




Fig.\33A, 33B, and 33C are views explaining another 



alignment corvtrol procedure; 

Fig. 34 is a view showing another corrective transport 
operation ; 

Fig. 35 is a view schematically showing another chamber; 

Fig. 36 is a view schematically showing a prior art in 
correspondence with Fig. 35; 

Fig. 37 is a view schematically showing a prior art in 
correspondence with Fig. 35; and 

Fig. 38 is a view schematically showing another seal 
hardening device. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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A bonded substrate manufacturing apparatus 30 of an 
embodiment according to the present invention will now be 
30 described with reference to Figs. 5 to 22. 

Fig. 5 is a view schematically showing the apparatus 30 
that is used in a cell step of a process for fabricating a 
liguid crystal panel display. In the cell step, liguid 
crystal is dripped on a substrate, and the substrate is bonded 

- 12 - 



with an opposed substrate. 

In the liquid crystal panel display fabricated with the 
bonded substrate manufacturing apparatus 30, liquid crystal is 
filled in the gap between a first substrate Wl and a second 
substrate W2 . If the panel display is an active matrix type, 
the first substrate Wl is a glass array substrate that 
includes switch elements such as TFTs, and the second 
substrate W2 is a color filter (CF) substrate that includes a 
color filter or a shielding film. The first substrate Wl and 
the second substrate W2 are fabricated in separate steps and 
are supplied to the apparatus 30. A seal is applied on a side 
of the first or second substrate Wl, W2 (in this embodiment, 
the first substrate Wl) along its periphery in a frame-like 
shape . 

The apparatus 30 includes a main controller 31, a seal 
applying device 32, a liquid crystal drip device 33, a bonding 
device 34, an inspection device 35, and a plurality of 
transport devices 38a, 38b, 38c, 38d. The transport devices 
38a-38d transport the first and second substrates Wl, W2 . The 
main controller 31 controls the devices 32-38. The bonding 
device 34 includes a pressing device 36 and a hardening device 
37 that are controlled by the main controller 31. The main 
controller 31 controls the transport devices 38a-38d and 
transport robots to transport the first and second substrates 
Wl, W2. 

More specifically, the seal applying device 32 first 
receives the first and second substrates Wl, W2 . The seal 
applying device 32 then applies seal material on the upper 
side of the first or second substrate Wl, W2 (for example, the 
glass substrate Wl) along its circumference. An adhesive 
including a photo-curing adhesive is used as the seal 
material. 

Subsequently, the transport device 38a receives the first 
substrate Wl and the corresponding second substrate W2 from 
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the seal applying device 32 and transports the substrates Wl, 
W2 to the drip device 33 as a pair. 

The drip device 33 receives the first and second 
substrates Wl, W2 and drips liquid crystal at a plurality of 
positions on a side of the first substrate Wl on which a seal 
is applied. Afterward, the transport device 38b transports 
the first and second substrates Wl, W2 to the pressing device 
36. 

As shown in Fig. 11, the pressing device 36 has a vacuum 
chamber 71. The vacuum chamber 71 includes a first or lower 
chuck unit 72b and a second or upper chuck unit 72a. When the 
lower and upper chuck units 72b, 72a attract the first 
substrate Wl and the second substrate W2 , respectively, the 
vacuum chamber 71 is depressurized . 

Subsequently, a prescribed gas is supplied to the vacuum 
chamber 71 for pretreatment . The gas includes exciting gas 
(reaction gas) for exciting plasma panel displays and 
replacement gas, such as nitrogen gas {inactive gas) . In the 
pretreatment, impurities adhered on the substrates Wl, W2 or a 
display element are exposed to the reaction gas and the 
replacement gas for a predetermined time. 

The pretreatment stabilizes the quality of the bonding 
surfaces of the substrates Wl, W2, which cannot be separated 
once the substrates Wl, W2 are bonded together. More 
specifically, an oxide film formed on each substrate Wl, W2 or 
a foreign object adhered to the substrate Wl, W2 alters the 
surface state of the substrate Wl, W2 . The alteration is non- 
uniform among the substrates Wl, W2, thus hampering stable 
fabrication of panel displays. However, the pretreatment 
suppresses formation of the oxide film and adhesion of the 
foreign object and removes impurities from the substrates Wl, 
W2 . This maintains the surface of each substrate Wl, W2 in a 
predetermined state and stabilizes the quality of a product. 

Each substrate Wl, W2 includes an alignment mark. The 
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pressing device 36 optically detects the alignment marks and 
aligns the first and second substrates Wl, W2 without 
contacting the substrates Wl, W2 , such that an opposed side of 
the second substrate W2 is not exposed to the seal and liquid 
crystal applied on the first substrate Wl . The pressing 
device 36 then applies a predetermined pressure to the first 
and second substrates Wl, W2 in the vacuum chamber 71, thus 
pressing the substrates Wl, W2 to each other to obtain a 
predetermined cell thickness. Afterward, the pressing device 
36 increases the pressure in the vacuum chamber 71 to the 
atmospheric level and then opens the vacuum chamber 71. 

The main controller 31 measures the time that elapses 
after the vacuum chamber 71 receives the first and second 
substrates Wl, W2, thus controlling the time for which the 
substrates Wl, W2 are exposed to the gases in the vacuum 
chamber 71 (the time from when the vacuum chamber 71 receives 
the substrates Wl, W2 to when the substrates Wl, W2 are bonded 
together) . In this manner, the quality of the bonding surface 
of each substrate Wl, W2 is maintained in a stable state after 
the substrates Wl, W2 are bonded together. 

Subsequently, the transport device 38c transports the 
pressed substrates Wl, W2 from the pressing device 36 to the 
hardening device 37. More specifically, the main controller 
31 starts to measure the time when the pressing of the first 
and second substrates Wl, W2 is completed. After a 
predetermined time, the main controller 31 activates the 
transport device 38c to transport the first and second 
substrates Wl, W2 from the pressing device 36 to the hardening 
device 37. The hardening device 37 receives the first and 
second substrates Wl, W2 and irradiates light of a 
predetermined wavelength to the substrates Wl, W2, thus 
hardening the seal. A liquid crystal panel display is thus 
fabricated . 

As described, when the predetermined time elapses after 
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the first and second substrates Wl, W2 are pressed together, 
the light for hardening the seal is irradiated to the first 
and second substrates Wl, W2 . The time is varied in relation 
to diffusion speed of liquid crystal and the time needed for 
completely releasing reactive force generated against the 
pressing of the substrates Wl, W2 . The time is determined 
through an experiment. 

The liquid crystal filled in the gap between the first 
and second substrates Wl, W2 diffuses or develops when the 
substrates Wl, W2 are pressed together and then are exposed to 
the atmospheric air. Thus, it is preferred that the 
aforementioned time is shorter than the time needed for the 
liquid crystal to completely diffuse and reach the seal. In 
this case, the seal is completely hardened by the time the 
seal is exposed to the liquid crystal. 

The first and second substrates Wl, W2 are deformed due 
to reactive force when pressure is applied to each substrate 
Wl, W2 to press the substrates Wl, W2 together. Since the 
seal is still being hardened when the transport device 38c is 
transporting the substrates Wl, W2 to the hardening device 37, 
the reactive force is released from the first and second 
substrates Wl, W2 during this period. Accordingly, it is 
preferred that the aforementioned time is longer than the time 
required for completely releasing the reactive force. In this 
case, by the time the seal reaches the hardening device 37, 
the reactive force has been reduced. This prevents the first 
and second substrates Wl, W2 from being misaligned. 

After the seal hardens, the transport device 38d 
transports the liquid crystal panel display to the inspection 
device 35. The inspection device 35 inspects the liquid 
crystal panel display for misalignment between the first and 
second substrates Wl, W2 . That is, the inspection device 35 
detects a misalignment direction and a misalignment amount of 
each substrate Wl, W2 . The inspection device 35 informs the 
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main controller 31 of the result. 

In accordance with the result, the main controller 31 
corrects the alignment of the pressing device 36. In other 
words, before pressing the first and second substrates Wl, W2 
together, the substrates Wl, W2 are located offset from each 
other in accordance with the detected misalignment amount in 
an opposite direction to the detected misalignment direction. 
This cancels the misalignment between the first and second 
substrates Wl, W2 . In this manner, a panel display with the 
aligned substrates Wl, W2 is obtained in a subsequent 
operation cycle. 

The main controller 31 includes a transport controller 48 
and a robot controller 49 of Fig. 6, a drip controller 53 of 
Fig. 7, a temperature controller 60 of Fig. 8A, an attraction 
controller 84 of Fig. 11, an alignment controller 114 of Figs. 
17 or 27, a load controller 137 of Fig. 19, and an irradiation 
controller 150 of Fig. 22-. 

The drip device 33, the bonding device 34, the inspection 
device 35, the pressing device 36, the hardening device 37, 
and the transport devices 38a-38d will now be described in 
detail . 

First, the transport device 38a, 38b will be described 
with reference to Fig. 6. The transport device 38a includes a 
slider 41 that moves a tray 42 in a transport direction. The 
tray 42 receives the first substrate Wl and the second 
substrate W2 that includes electrodes and TFTs or a color 
filter. More specifically, each substrate Wl, W2 is placed on 
the tray 42 such that the side that includes the electrodes 
faces upward. The first and second substrates Wl, W2 each. has 
an identification code (for example, a bar code) II, 12, 
respectively, for distinguishing the substrates Wl, W2 from 
each other. 

As described, the first and second substrates Wl, W2 are 
fabricated in separate steps before being supplied to the 
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transport device 38a. The transport device 38a transports one 
first substrate Wl and a corresponding second substrate W2 as 
a pair to the drip device 33. The first and second substrates 
Wl, W2 thus reach the bonding device 34. This prevents the 
bonding device 34 from receiving only one substrate Wl or W2 
and suspending its operation, thus improving efficiency for 
manufacturing liquid crystal panel displays. 

The transport device 38b includes a slider 43 and a pair 
of transport robots 44, 45. The slider 43 moves the tray 42 
in a predetermined direction. The transport robots 44, 45 
receive the first and second substrates Wl, W2, respectively. 
One transport robot (44 or 45) reverses the associated 
substrate (Wl or W2) such that the electrode side of the first 
substrate Wl opposes the electrode side of the second 
substrate W2 . In this embodiment, the transport robot 45 
reverses the second substrate W2, which does not include the 
seal. The transport robots 44, 45 then transport the first 
and second substrates Wl, W2 to the pressing device 36 as 
opposed to each other. 

More specifically, the main controller 31 includes a pair 
of ID code readers 46, 47, the transport controller 48, and 
the robot controller 49. The ID code readers 46, 47 read out 
the ID codes II, 12 of the first and second substrates Wl, W2, 
respectively, and inform the transport controller 48 of the 
result. In accordance with the result, the transport 
controller 48 selects the substrate to be reversed (in this 
embodiment, the second substrate W2) and informs the robot 
controller 49 of the selection. 

As described, the transport robots 44, 45 receive the 
first and second substrates Wl, W2, respectively. Thus, in 
accordance with the selection of the transport controller 48, 
the robot controller 49 controls the transport robot 45 to 
reverse the substrate W2 . Accordingly, the electrode side of 
the first substrate Wl opposes the electrode side of the 
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second substrate W2 . The robot controller 49 then controls 
the transport robots 44, 45 to transport the first and second 
substrates Wl, W2 to the pressing device 36. 

The liquid crystal drip device 33 will be described with 
5 reference to Figs. 7, 8, and 9. 

As shown in Fig. 7, the drip device 33 includes a 
dispenser 51, a movement mechanism 52, the drip controller 53, 
and a measurement device 54. The dispenser 51 includes liquid 
crystal. The movement mechanism 52 supports the dispenser 51 
10 and moves the dispenser 51 horizontally. 

The drip controller 53 controls the ■ dispenser 51 in 
accordance with a signal from the main controller 31, thus 
3 accurately dripping liquid crystal on the first substrate Wl . 

In other words, the drip controller 53 maintains the 

\Q 

CO 15 temperature of liquid crystal in the dispenser 51 at a 
l3 

constant level. The drip controller 53 controls the movement 
mechanism 52 to move the dispenser 51 to a plurality of 

e 

|==i positions on the first substrate Wl . At each position, the 

P dispenser 51 drips a predetermined amount of liquid crystal. 

□ 20 The drip controller 53 then moves the dispenser 51 to a 
Q 

position corresponding to the measurement device 54 and drips 
liquid crystal through the dispenser 51. The measurement 
device 54 measures the weight of the liquid crystal dripped by 
the dispenser 51 and informs the drip controller 53 of the 

25 measurement. The drip controller 53 corrects the drip amount 
of the dispenser 51 in accordance with the measurement such 
that the dispenser 51 drips a constant amount of liquid 
crystal. This suppresses the temperature variation of liquid 
crystal in the dispenser 51. Further, when there is an 

30 environmental change, the drip amount of the dispenser 51 is 
corrected to be the constant value. 

As shown in Fig. 8A, the dispenser 51 includes a 
cylindrical syringe 55, a plunger 56, and a heater 58. Liquid 
crystal is received in the syringe 55 and is discharged from 
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the syringe 55 when pressed by a plunger 56. The heater 58 
heats the liquid crystal LC . The drip controller 53 controls 
the plunger 56 to apply a certain pressure to the liquid 
crystal LC. A predetermined amount of liquid crystal LC is 
thus dripped from a nozzle 57 at the distal end of the syringe 
55. 

The heater 58 has a substantially annular shape and is 
located around the outer side of the syringe 55. A 
thermocouple 59 is located near the distal end of the syringe 
55 to measure the temperature of the liquid crystal LC . The 
heater 58 and the thermocouple 59 are connected to the 
temperature controller 60 located in the drip controller 53. 
The temperature controller 60 determines the temperature of 
the liquid crystal LC in accordance with a signal from the 
thermocouple 59 and controls the heater 58 to maintain the 
temperature of the liquid crystal LC at a constant level. 

The syringe 55 includes a rotary valve 61 that has a 
cylindrical rotary body 61a. The rotary body 61a extends 
through the syringe 55 in a direction perpendicular to the 
axis of the syringe 55. The rotary body 61a rotates around 
the axis of the syringe 55. As shown in Fig. 8B, a valve hole 
61b is formed in the rotary body 61a. The diameter of the 
valve hole 61b is substantially equal to the inner diameter of 
the syringe 55. The drip controller 53 controls the position 
at which the rotary valve 61 rotates. 

That is, if the drip controller 53 rotates the rotary 
body 61a such that the axis of the valve hole 61b corresponds 
to the axis of the syringe 55, an upper section of the syringe 
55 is connected integrally to a distal section of the syringe 
55. This transmits the pressure of the plunger 56 to the 
distal end of the syringe 55 without causing any loss. The 
pressure acts to drip the liquid crystal LC from the nozzle 
57 . 

In contrast, if the drip controller 53 rotates the rotary 
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body 61a such that the axis of the valve hole 61b becomes 
substantially perpendicular to the axis of the syringe 55, the 
upper section of the syringe 55 is disconnected from the 
distal end of the syringe 55. This reduces the pressure 
applied to the liquid crystal LC by the plunger 56. Further, 
air is prevented from entering the syringe 55 through the 
nozzle 57 when the plunger 56 is raised. Thus, the liquid 
crystal LC is dripped from the nozzle 57 without forming 
bubbles . 

Further, the rotary valve 61 automatically supplies the 
liquid crystal LC to the syringe 55. For example, a liquid 
crystal reservoir (not shown) is connected to a section 
between the plunger 56 and the rotary valve 61 through a 
supply passage. When the rotary valve 61 is closed and the 
plunger 56 is raised, the liquid crystal LC is introduced from 
the reservoir to the syringe 55. The liquid crystal LC is 
thus automatically supplied to the syringe 55 without stopping 
the operation of the dispenser 51. Further, in this state, 
the rotary valve 61 in the closed state prevents air from 
entering the syringe 55 through the nozzle 57, suppressing 
bubble formation. The rotary valve 61 may be replaced by a 
valve body that moves horizontally and has a valve hole with a 
diameter substantially equal to the inner diameter of the 
syringe 55. 

An air blower 62 and an air drawer 63 are located at 
opposite sides of the nozzle 57 of the syringe 55. The air 
blower 62 is connected to a compressor (not shown) and has a 
lateral elongated outlet (see Fig. 8C) . The air blower 62 
blows air to form an air curtain in a direction perpendicular 
to the drip direction of the liquid crystal LC, or the axis of 
the nozzle 57 . The air curtain blows away excessive liquid 
crystal LC from the distal end of the nozzle 57. 

The air drawer 63, or an air inlet, is connected to a 
vacuum pump (not shown) and includes a lateral elongated inlet 
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(see Fig. 8D) . The air drawer 63 thus draws and collects the 
air and the liquid crystal LC blown by the air blower 62. The 
air drawer 63 also draws the liquid crystal LC from the distal 
end of the nozzle 57. The air flow (the air curtain) from the 
air blower 62 to the air drawer 63 efficiently blows away the 
excessive liquid crystal from the distal end of the nozzle 57 
and collects the same. In this manner, the nozzle 57 is 
constantly cleaned, thus maintaining the drip amount of the 
liquid crystal LC as accurate. 

The drip controller 53 actuates the air blower 62 and the 
air drawer 63 during a waiting period of the dispenser 51 (for 
example, when the dispenser 51 is being moved from one drip 
position to another for a subsequent drip) . This maintains 
the drip amount of the liquid crystal LC as accurate. 
Further, the excessive liquid crystal LC is prevented from 
accidentally dripping on the corresponding side of the first 
substrate Wl . 

The dispenser 51 does not necessarily have to include the 
air blower 62 and the air drawer 63 but may include only the 
air drawer 63. This structure also prevents the first 
substrate Wl from being contaminated by the excessive liquid 
crystal LC . Further, the drip amount of the liquid crystal LC 
is maintained as accurate. 

That is, the heater 58, the rotary valve 61, the air 
blower 62, and the air drawer 63 that are provided in the 
dispenser 51 form a drip amount equalizing device. 

As shown in Fig. 9, the measurement device 54 is 
preferably an electronic balance. The measurement device 54 
measures the weight of the liquid crystal LC dripped by the 
dispenser 51 and informs the drip controller 53 of the 
measurement . 

The drip controller 53 includes a central processing unit 
(CPU) 64, a pulse oscillator 65, and a motor driver 66. The 
CPU 64 sends a control signal that represents the weight of 
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the liquid crystal LC measured by the measurement device 54 to 
the pulse oscillator 65. The pulse oscillator 65 generates a 
pulse signal in accordance with the control signal and sends 
the pulse signal to the motor driver 66. The motor driver 66 
generates a drive signal for a motor 67 in accordance with the 
pulse signal. It is preferred that the motor 67 is a pulse 
motor that selectively raises and lowers the plunger 56, 
depending on the drive signal. If the motor 67 lowers the 
plunger 56, the liquid crystal LC is dripped. The drip amount 
of the liquid crystal LC thus corresponds to the operation 
amount of the plunger 56. 

More specifically, the CPU 64 calculates the drip amount 
of the liquid crystal LC based on the measurement of the 
measurement device 54 . The CPU 64 then corrects the control 
signal to maintain the drip amount of the liquid crystal LC as 
a constant value. The CPU 64 sends the corrected control 
signal to the pulse oscillator 65. This prevents the drip 
amount of the liquid crystal LC from being altered due to a 
change in the condition (such as the viscosity) of the liquid 
crystal LC or a change in the operation amount of the plunger 
56 (due to, for example, friction of the plunger 56 or the 
condition of the motor 67) . The liquid crystal LC is thus 
continuously dripped automatically. 

The transportation of the first and second substrates Wl, 
W2 to the pressing device 36 will be described with reference 
to Fig. 10. 

The vacuum chamber 71 of the pressing device 36 includes 
an upper lid 71a and a lower lid 71b. A drive mechanism (not 
shown) movably supports the upper lid 71a. When the drive 
mechanism lifts the upper lid 71a from the lower lid 71b, the 
vacuum chamber 71 becomes open. 

As described, in the vacuum chamber 71, the upper chuck 
unit 72a and the lower chuck unit 72b support the second 
substrate W2 and the first substrate Wl, respectively. A 
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first movement mechanism 112 (Fig. 17) supports the upper 
chuck unit 72a and selectively lifts and lowers the upper 
chuck unit 72a. A second movement mechanism 113 (Fig. 17) 
supports the lower chuck unit 72b and moves the lower chuck 
unit 72b horizontally (in a direction X and a direction Y) . 
The second movement mechanism 113 also rotates the lower chuck 
unit 72b horizontally (in a direction 9) . 

The lower lid 71b includes a plurality of lift pins 73 
that are raised and lowered. The transport robot 44 first 
places the first substrate Wl on the distal ends of the lift 
pins 73 that are held at a raised position. The lift pins 73 
are then lowered to place the first substrate Wl on the lower 
chuck unit' 72b, thus allowing the lower chuck unit 72b to 
attract the first substrate Wl . 

The upper lid 71a includes a pair of arms 74. The 
transport robot 45 first passes the second substrate W2 to the 
arms 74. In this state, the upper chuck unit 72a attracts the 
second substrate W2 . 

The lower side of the upper chuck unit 72a (an upper 
attraction side) and the upper side of the lower chuck unit 
72b (a lower attraction side), as viewed in Fig. 10, are 
flattened through machining. It is preferred that the 
flatness of each attraction side is 100 micrometers or 
smaller. The attraction sides are adjusted to be parallel 
with each other when the upper and lower chuck units 72a, 72b 
oppose each other. It is preferred that a parallel level 
between the attraction sides is 50 micrometers or smaller. 
The term "parallel level" is defined as a dimension of a space 
between the upper and lower attraction sides when the 
attraction sides contact each other. If the attraction sides 
are entirely parallel, the attraction sides form no space when 
contacting each other. In this state, the parallel level is 
defined as zero. However, if the attraction sides are only 
partially parallel, a space is formed between the attraction 

- 24 - 



sides. In this case, the parallel level is defined as greater 
than zero. The greater the parallel level is, the larger the 
space is. 

Next, the operation of the upper and lower chuck units 
72a, 72b will be described. 

As shown in Fig. 11, the upper chuck unit 72a includes an 
upper holding plate 75a and an upper electrostatic chuck 76a 
attached to the upper holding plate 75a. An upper attraction 
line 77a is formed in the upper chuck unit 72a for attracting 
the second substrate W2 through vacuum (using a difference in 
pressure) . The upper attraction line 77a includes a plurality 
of upper attraction holes, an upper horizontal passage, and a 
plurality of upper discharge passages. The upper attraction 
holes open at the lower side, or the attraction side, of the 
upper electrostatic chuck 76a. The upper horizontal passage 
extends laterally in the upper holding plate 75a and is 
connected to the upper attraction holes. Each upper discharge 
passage extends from the upper horizontal line in an upward 
direction. The upper attraction line 77a is connected to a 
vacuum pump 79a through a depressurizat ion line 78a. A 
depressurization valve 80a is located in the depressuri zation 
line 78a and is connected to the attraction controller 84. 

The depressurization line 78a is connected to the vacuum 
chamber 71 through a pair of pressure equilibration lines 81a. 
Each pressure equilibration line 81a includes a pressure 
equilibration valve 82a. A pressure sensor 83a is located in 
the depressurization line 78a. The pressure sensor 83a 
measures the pressure in the depressurization line 78a and 
informs the attraction controller 84 of the measurement. 

The lower chuck unit 72b includes a lower holding plate 
75b and a lower electrostatic chuck 76b attached to the lower 
holding plate 75b. A lower attraction line 77b is formed in 
the lower chuck unit 72b for attracting the first substrate Wl 
through vacuum. The lower attraction line 77b includes a 
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plurality of lower attraction holes, a lower horizontal 
passage, and a plurality of lower discharge passages. The. 
lower attraction holes open at the upper side, or the 
attraction side, of the lower electrostatic chuck 76b. The 
lower horizontal passage extends laterally in the lower 
holding plate 75b and is connected to the lower attraction 
holes. Each lower discharge passage extends from the lower 
horizontal line in a downward direction. The lower attraction 
line 77b is connected to a vacuum pump 79b through a 
depressurization line 78b. A depressurization valve 80b is 
located in the depressurization line 78b and is connected to 
the attraction controller 84. 

The depressurization line 78b is connected to the vacuum 
chamber 71 through a pair of pressure equilibration lines 81b. 
Each pressure equilibration line 81b includes a pressure 
equilibration valve 82b. A pressure sensor 83b is located in 
the depressurization line 78b. The pressure sensor 83b 
measures the pressure in the depressurization line 78b and 
informs the attraction controller 84 of the measured value. 

The vacuum chamber 71 is connected to a vacuum pump 8 6 
through a line 85 that has a valve 87. The vacuum pump 86 
depressuri zes the vacuum chamber 71. The attraction 
controller 84 controls the vacuum pump 86 and the valve 87 to 
adjust the pressure in the vacuum chamber 71. A pressure 
sensor 88 is located in the vacuum chamber 71 to measure the 
pressure in the vacuum chamber 71. The pressure sensor 88 is 
connected to the attraction controller 84. 

When the attraction controller 84 actuates the vacuum 
pumps 79a, 79b to open the depressurization valves 80a, 80b, 
each depressurization line 78a, 78b and the associated 
attraction line 77a, 77b are depressurized . This attracts 
each substrate W2 , Wl to the associated chuck unit 72a, 72b 
through vacuum. If the attraction controller 84 applies 
voltage to the upper and lower electrostatic chucks 76a, 76b, 
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each electrostatic chuck 76a, 7 6b generates Coulomb force. 
The force acts to electrostatically attract the second and 
first substrates W2, Wl to the associated chuck units 72a, 
72b. 

The attraction controller 84 switches between a vacuum 
attraction mode and an electrostatic attraction mode, 
depending on the pressure (the vacuum level) in the vacuum 
chamber 71. 

In other words, the attraction controller 84 opens the 
vacuum chamber 71 to receive the first and second substrates 
Wl, W2, as shown in Fig. 10. The attraction controller 84 
then actuates the vacuum pumps 79a, 79b, thus enabling each 
chuck unit 72a, 72b to attract the associated substrate W2 , 
Wl . Subsequently, the attraction controller 84 closes the 
vacuum chamber 71 and controls the vacuum pump 8 6 and the 
valve 87 to reduce the pressure in the vacuum chamber 71. The 
attraction controller 84 detects the pressure in the vacuum 
chamber 71 and the pressure in each depressurization line 78a, 
78b in accordance with detection signals from the pressure 
sensors 83a, 83b, and 88. When the pressure in the vacuum 
chamber 71 reaches a predetermined level, the attraction 
controller 84 applies voltage to the electrostatic chucks 76a, 
76b to generate Coulomb force. This electrostatically 
attracts each substrate W2, Wl to the associated electrostatic 
chuck 76a, 76b. Before the pressure in the vacuum chamber 71 
becomes equal to or lower than the pressure in each 
depressurization line 78a, 78b, or, preferably, when the 
pressure in the vacuum chamber 71 reaches the predetermined 
level (and the electrostatic attraction mode is started) , the 
attraction controller 84 closes the depressurization valves 
80a, 80b and opens the pressure equilibration valves 82a, 82b 
in the pressure equilibration lines 81a, 81b. This 
equilibrates the pressure in each depressurization line 78a, 
78b and the pressure in the associated attraction line 77a, 
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77b with the pressure in the vacuum chamber 71. 

If the pressure in the vacuum chamber 71 becomes lower 
than the pressure in each depressurization line 77a, 77b when 
each electrostatic chuck 76a, 76b holds the associated 
substrate W2, Wl through vacuum, gas flows from the 
depressurization lines 77a, 77b to the vacuum chamber 71. In 
this case, the second substrate W2 separates from the upper 
chuck unit 72a, and the first substrate Wl may possibly move 
relative to the lower chuck unit 72b. These problems are 
avoided if the attraction controller 84 switches between the 
vacuum attraction mode and the electrostatic attraction mode 
in accordance with the pressure (the vacuum level) in the 
vacuum chamber 71. 

As shown in Figs. 12A and 12B, a plurality of attraction 
grooves 89 are formed in the attraction side of the upper 
electrostatic chuck 76a. The position of each attraction 
groove 89 corresponds to the second substrate W2 when the 
upper electrostatic chuck 76a attracts the substrate W2 . It 
is preferred that the depth of each groove 89 is half of the 
lateral dimension of the groove 89. 

Each attraction groove 89 prevents gas from being trapped 
between the attraction side of the upper electrostatic chuck 
76a and the second substrate W2 . Thus, even if the pressure 
in the vacuum chamber 71 is reduced, the second substrate W2 
neither separates from the upper electrostatic chuck 72a nor 
moves respective to the electrostatic chuck unit 72a. 

The attraction grooves 89 are aligned parallel with each 
other. Accordingly, as compared the case in which the grooves 
89 are arranged in a crossed manner, waviness in the second 
substrate W2 is suppressed. 

The attraction grooves 89 reduce the contact area between 
the attraction side of the upper electrostatic chuck 76a and 
the second substrate W2 . That is, without the grooves 89, the 
upper electrostatic chuck 76a attracts and contacts the entire 
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corresponding side of the second substrate W2 . In this case, 
if pressure is applied to the second substrate W2 , the second 
substrate W2 shrinks, thus accumulating reactive force in the 
substrate W2 with respect to the attraction force of the upper 
electrostatic chuck 76a. The reactive force is released when 
separating the bonded substrates W2, Wl from the upper 
electrostatic chuck 76a. This misaligns the bonded substrates 
Wl, W2 . However, the attraction grooves 89 prevent the second 
substrate W2 from expanding or shrinking when the pressure is 
applied to the substrate W2 held by the upper electrostatic 
chuck 76a. As a result, the bonded substrates Wl, W2 are 
maintained as aligned. 

Although not illustrated, the attraction grooves 89 are 
formed in the attraction side of the lower electrostatic chuck 
76b, like those of the attraction side of the upper 
electrostatic chuck 76a. This structure prevents the first 
substrate Wl from separating from or moving relative to the 
lower electrostatic chuck 76b and being deformed. 

The electrostatic attraction mode of the upper 
electrostatic chuck 76a will hereafter be described. 

Fig. 13A is a block diagram schematically showing the 
electric circuit of the upper electrostatic chuck 76a. The 
upper electrostatic chuck 76a includes a plurality of 
dielectric layers that are applied on the upper holding plate 
75a. In this embodiment, the upper electrostatic chuck 76a 
has four dielectric layers, or first, second, third, and 
fourth dielectric layers 91a, 91b, 91c, 91d. First, second, 
third, and fourth electrodes 92a, 92b, 92c, 92d are embedded 
in the first to fourth dielectric layers 91a-91d, 
respectively. In each dielectric layer 91a-91d, the interval 
between the attraction side of the upper electrostatic chuck 
76a and the associated electrode 92a-92d (the electrode 
embedding depth) is preferably one millimeter or more. 

The first and third electrodes 92a, 92c are connected to 
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a first attraction power source 93a, and the second and fourth 
electrodes 92b, 92d are connected to a second attraction power 
source 93b. In other words, adjacent electrodes 92a-92d are 
connected to different power sources, or the first and second 
attraction power sources 93a, 93b. 

The attraction controller 84 controls the first and 
second attraction power sources 93a, 93b. The first 
attraction power source 93a applies positive voltage to the 
first and third electrodes 92a, 92c. The second attraction 
power source 93b applies negative voltage to the second and 
fourth electrodes 92b, 92d. This causes a relatively high 
potential difference between the first and second electrodes 
92a, 92b and between the third and fourth electrodes 92c, 92d. 
That is, the attraction controller 84 controls the first and 
second attraction power sources 93a, 93b to vary the 
attraction force of the upper electrostatic chuck 76a in a 
stepped manner. This makes it easy for the upper 
electrostatic chuck 76a to selectively attract and separate 
the second substrate W2 . 

As viewed in Fig. 13A, first and second conductive 
connectors 94a, 94b are connected to opposite lateral sides of 
the upper electrostatic chuck 76a, or the left side of the 
first dielectric layer 91a and the right side of the fourth 
dielectric layer 91d, respectively. The first conductive 
connector 94a is connected to a switching power source 95a. 
The second conductive connector 94b is connected to a 
switching power source 95b through a switch 96. 

The switch 96 includes a common terminal, a first 
connecting terminal, and a second connecting terminal. The 
common terminal is connected to the second conductive 
connector 94b. The first connecting terminal is connected to 
a frame ground FG. The second connecting terminal is 
connected to the switching power source 95b. 

The attraction controller 84 supplies voltage to the 
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switching power sources 95a, 95b, thus controlling the output 
voltage of the switching power sources 95a, 95b in a stepped 
manner in accordance with the voltage supply. This activates 
an electric charge that is generated by the electrostatic 
force of the upper electrostatic chuck 76a. More 
specifically, when separating the second substrate W2 from the 
upper electrostatic chuck 76a, the attraction controller 84 
nullifies the voltage supply. The attraction controller 84 
then controls the switch 96 to connect the second conductive 
connector 94b to the frame ground FG or generates an electric 
current that flows from the switching power source 95b to the 
switching power source 95a through the fourth to first 
dielectric layers 91d-91a and the first conductive connector 
94a. This cancels the electric charge accumulated in the 
first to fourth dielectric layers 91a-91d during the 
attraction of the upper electrostatic chuck 76a. Accordingly, 
even if the interval between the second substrate W2 and the 
attraction side of the upper electrostatic chuck 76a is 
increased, separation charge (discharge) is prevented from 
being caused by a rapid increase in the voltage generated by 
the accumulated electric charge (or the potential difference 
between the second substrate W2 and the upper electrostatic 
chuck 76a) . Accordingly, the circuit components such as the 
TFTs and patterns formed on the second substrate W2 (and the 
first substrate Wl), are maintained as undamaged, thus 
suppressing a defect in the bonded substrates Wl, W2 . 

Fig. 14A is a block diagram showing the equivalent 
circuit formed on the first to fourth dielectric layers 91a- 
91d, the second substrate W2 , and the contact surfaces between 
the dielectric layers 91a-91d and the second substrate W2 . 
Although the equivalent circuit of Fig. 14A is considered as 
infeasible for the second substrate W2 formed of a 
substantially insulating material, or glass, the applicant of 
the present invention has confirmed that the second substrate 
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W2 actually forms the equivalent circuit as illustrated. That 
is, the second substrate W2 includes resistance and capacitor 
components. Thus, although the second substrate W2 is formed 
of the insulating material, the second substrate W2 is 
attracted to the electrostatic chuck 76a. 

Fig. 14B is a block diagram for explaining the attraction 
of the upper electrostatic chuck 76a. In the drawing, the 
reference index V indicates a voltage supply, Vg indicates a 
voltage that acts to attract the second substrate W2 to the 
upper electrostatic chuck 76a, Rf indicates the film 
resistance of each dielectric layer 91a-91d, Rs indicates the 
contact resistance between each dielectric layer 91a-91d and 
the second substrate W2 , and C indicates the capacitance 
between the second substrate W2 and the attraction side of the 
upper electrostatic chuck 76a. The voltage Vg is obtained by 
the following equation: 

Vg = (Rs/ (Rf +Rs) ) x V 

Fig. 13B shows a modification of the electric circuit of 
the upper electrostatic chuck 76a for suppressing the 
separation charge. The drawing corresponds to the left end 
portion of the upper electrostatic chuck 76a in Fig. 13A. 

As shown in Fig. 13B, a conductive body 97 is embedded in 
a surface (attraction side) of the dielectric layer 91a to 
contact the second substrate W2 . More specifically, the 
conductive body 97 is located along a corresponding side of 
the second substrate W2 . In this manner, as viewed in Fig. 
138, a lateral portion of the conductive body 97 corresponds 
to the circuit component forming area (the area in which the 
circuit components and wiring are located) of the second 
substrate W2 . The conductive body 97 is connected to a frame 
ground FG through a switch 98. 

To separate the second substrate W2 from the upper 
electrostatic chuck 76a, the attraction controller 84 controls 
the switch 98 to connect the conductive body 97 to the frame 
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ground FG . Accordingly, the electric charge accumulated in 
the dielectric layer 91a and the second substrate W2 during 
the attraction of the upper electrostatic chuck 76a escape to 
the frame ground FG. The second substrate W2 thus easily 
separates from the upper electrostatic chuck 76a. This 
prevents the separation charge from occurring, and the second 
substrate W2 is prevented from being damaged (neither the 
circuit components nor the wiring of the second substrate W2 
are damaged) . 

The switch 98 may be connected to a switching power 
source 99 instead of the frame ground FG . The attraction 
controller 84 generates an electric current that flows from 
the switching power source 99 to the conductive body 97 
through the switch 98, thus canceling the electric charge in 
the dielectric layer 91a and the second substrate W2 . 
Accordingly, the second substrate W2 separates easily from the 
upper electrostatic chuck 76a, thus preventing the separation 
charge from occurring. As a result, also in this case, the 
second substrate W2 is prevented from being damaged. 

The conductive body 97 is connected to the wiring of the 
second substrate W2 through a switch 100 and a contact pin 
100a. When the upper electrostatic chuck 76a 

electrostatically attracts the second substrate W2 , one side 
of the second substrate W2 is charged positive and the other 
side of the second substrate W2 is charged negative. However, 
since the electric charge in the second substrate W2 are 
canceled when the switch 100 is turned on, the second 
substrate W2 easily separates from the dielectric layer 91a. 
Further, the separation charge is stopped from occurring by 
turning on the switch 100, thus preventing the second 
substrate W2 (the circuit components and wiring of the second 
substrate W2 ) from being damaged. 

Also, the switch 98 connects the conductive body 97 
selectively to the frame ground FG or the power source 99 to 
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prevent the separation charge from occurring. 

Fig. 15 is a timing chart showing variation in waveforms 
of voltage supplied to the upper electrostatic chuck 76a. In 
the chart, the solid line represents a first voltage supplied 
5 by the first and second attraction power sources 93a, 93b of 
Fig. 13A. The first voltage is plotted along the left 
vertical axis (unit: kV) of the chart, as viewed in Fig. 15. 
The double-dotted broken line represents the voltage supplied 
by the switching power sources 95a, 95b. This voltage is 
10 plotted along the right axis (unit: V) of the chart. 

As shown in Fig. 15, in an attraction period, the 
attraction controller 84 controls the first and second 
attraction power sources 93a, 93b to supply the dielectric 
layers 91a-91d with the first voltage that is sufficiently 



P 20 ■ Finally, in a separation period, the attraction controller 84 

n 

j~ reduces the first voltage to a negative value and controls the 

switching power sources 95a, 95b to supply a relatively high 
separation voltage to the dielectric layers 91a-91d. The 
separation period corresponds to the time needed for 

25 activating the electric charge in the dielectric layer 91a-91d 
and the second substrate W2 and is determined through, for 
example, an experiment. 

In this manner, the second substrate W2 is separated from 
the upper electrostatic chuck 7 6a simply in accordance with 

30 the prescribed periods. That is, it is unnecessary to detect 
the electric charge accumulated in the dielectric layers 91a- 
91d and the second substrate W2 . Further, a rapid voltage 
increase is suppressed, and the electric charge is prevented 
from remaining in the dielectric layers 91a-91d and the second 




large to electrostatically attract the second substrate W2 . 
Subsequently, in a preparation period, the attraction 
controller 84 lowers the first voltage and controls the 
switching power sources 95a, 95b to supply a relatively low 
preparation voltage to the dielectric layers 91a-91d. 
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substrate W2 . This makes it easy to separate the second 
substrate W2 from the upper electrostatic chuck 76a. In 
addition, the separation charge is stopped from occurring, 
thus preventing the second substrate W2 (the circuit 
components and wiring of the second substrate W2) from being 
damaged . 

Although not illustrated, the lower electrostatic chuck 
76b is identical to the upper electrostatic chuck 76a. The 
attraction controller 84 supplies voltage to the lower 
electrostatic chuck 76b to control the lower electrostatic 
chuck 76b. 

The separation of each substrate Wl, W2 from the 
associated electrostatic chuck 76b, 76a will hereafter be 
described with reference to Figs. 16A, 16B, 16C. 

As shown in Fig. 16A, to press the first and second 
substrates Wl, W2 to each other (during the attraction 
period) , the attraction controller 84 turns on an upper switch 
101a and a lower switch 101b. An upper attraction power 
source 102a and a lower attraction power source 102b thus 
supply voltage to the upper and lower electrostatic chucks 
76a, 76b, respectively. Each attraction power source 102a, 
102b includes the first and second attraction power sources 
93a, 93b of Fig. 13A. 

In the preparation period, as shown in Fig. 16B, the 
attraction controller 84 turns off the upper switch 101a, thus 
nullifying the voltage supply to the upper electrostatic chuck 
76a. 

In the separation period, as shown in Fig. 16C, the 
attraction controller 84 maintains the lower switch 101b in a 
turned-on state and raises the upper chuck unit 72a. In this 
state, the lower power source 102b continuously supplies 
voltage to the lower electrostatic chuck 76b. Thus, the lower 
chuck unit 72b attracts the first and second substrates Wl, 
W2, thus preventing the substrates Wl, W2 from moving relative 
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to each other. Further, the second substrate W2 easily 
separates from the upper electrostatic chuck 76a, and the 
upper chuck unit 72a easily separates from the lower chuck 
unit 72b. 

After raising the upper chuck unit 72a, the attraction 
controller 84 opens the vacuum chamber 71 of Fig. 11, thus 
introducing the atmospheric air to the vacuum chamber 71. In 
this state, the lower chuck unit 72b continuously attracts the 
bonded substrates Wl, W2 electrostatically. This prevents 
each substrate Wl, W2 from being deformed due to the pressure 
variation in the vacuum chamber 71. 

Next, an alignment device 36a of the pressing device 36 
will be described with reference to Figs. 17 and 18. 

As shown in Fig. 17, the alignment device 36a includes 
an image pickup device 111, the first and second movement 
mechanisms 112, 113, and an alignment controller 114. The 
image pickup device 111 has first and second lenses 115, 116. 
Each lens 115, 116 has a different magnification. More 
specifically, the magnification of the first lens 115 is lower 
than that of the second lens 116. That is, the field of view 
of the first lens 115 is broader than that of the second lens 
116. Further, the depth of focus and the depth of field of 
the first lens 115 are larger than those of the second lens 
116. 

The first movement mechanism 112 movably supports the 
upper chuck unit 72a and the image pickup device 111. The 
first movement mechanism 112 selectively raises and lowers the 
upper chuck unit 72a and the image pickup device 111. The 
first movement mechanism 112 constantly holds the image pickup 
device 111 at a position above the upper chuck unit 72a and 
maintains the vertical interval between the upper chuck unit 
72a and each lens 115, 116 at a constant value. In other 
words, the position of each lens 115, 116 relative to the 
upper chuck unit 72a does not change. The depth of field of 
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each lens 115, 116 is selected to be capable of focusing on 
the second substrate W2 held by the upper chuck unit 72a and 
the first substrate Wl held by the lower chuck unit 72b. 

A through hole 117 extends vertical through the upper 
chuck unit 72a. The first and second lenses 115, 116 are 
aligned in a horizontal direction at a predetermined interval. 
The first movement mechanism 112 horizontally moves the image 
pickup device 111 such that the axis of the first or second 
lens 115, 116 corresponds to the axis of the through hole 117. 
In this manner, the image pickup device 111 switches between 
the first lens 115 and the second lens 116. 

The second movement mechanism 113 supports the lower 
chuck unit 72b to horizontally move the lower chuck unit 72b 
(in the direction X and the direction Y) and rotate the same 
in the direction 6. 

The first and second substrates Wl, W2 include first and 
second alignment marks Ml, M2 , respectively. These alignment 
marks Ml, M2 are located at matching positions of the 
substrates Wl, W2 . In this embodiment, the first alignment 
mark Ml is a dot, while the second alignment mark M2 is a 
double circle. 

When the first and second substrates Wl, W2 are spaced 
from each other, the alignment controller 114 substantially 
aligns the substrates Wl, W2 using the first lens 115, which 
has a relatively large depth of focus. When the first and 
second substrates Wl, W2 are located relatively close to each 
other, the alignment controller 114 precisely aligns the 
substrates Wl, W2 using the second lens 116, which has a 
relatively small depth of focus. More specifically, the 
alignment controller 114 first controls the first movement 
mechanism 112 to separate the upper chuck unit 72a from the 
lower chuck unit 72b at a first interval A. In this state, as 
shown in Fig. 18, the center of the first alignment mark Ml is 
located offset from that of the second alignment mark M2, as 
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viewed in a view 118a of the first lens 115. Further, in the 
view 118a, although the second alignment mark M2 is actually 
the double circle, the second alignment mark M2 appears to be 
a single circle due to the relatively low magnification of the 
first lens 115. The alignment controller 114 controls the 
second movement mechanism 113 such that the center of the 
first alignment mark Ml corresponds to that of the second 
alignment mark M2 (as viewed in a view 118b) . 

The first interval A is selected such that the field of 
view of the first lens 115 reliably includes the first and 
second alignment marks Ml, M2 . The first interval A is 
determined through an experiment or the like. When each chuck 
unit 72a, 72b receives the associated substrate Wl, W2, the 
position of each substrate Wl, W2 relative to the associated 
chuck unit 72a, 72b is varied due to, for example, a dimension 
error. The amount of the variation is determined through an 
experiment or an operation test. Further, regardless of the 
variation, the first interval A and the field of view (the 
magnification) of the first lens 115 are selected to reliably 
include the first and second alignment marks Ml, M2 in the 
field of view of the first lens 115. 

Subsequently, the alignment controller 114 controls the 
first movement mechanism 112 to lower the upper chuck unit 72a 
and the image pickup device 111 such that the upper chuck unit 
72a is spaced from the lower chuck unit 72b at a second 
interval B. The second interval B is shorter than the first 
interval A. Further, the alignment controller 114 
horizontally moves the image pickup device 111 such that the 
axis of the second lens 116 corresponds to the axis of the 
through hole 117. In this state, as shown in Fig. IB, the 
center of the first alignment mark Ml is located offset from 
that of the second alignment mark M2, as viewed in a view 119a 
of the second lens 116. The alignment controller 114 thus 
controls the second movement mechanism 113 such that the 
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center of the first alignment mark Ml corresponds to that of 
the second alignment mark M2 (as viewed in a view 119b of the 
second lens 116) . 

Next, the alignment controller 114 controls the first 
5 movement mechanism 112 to lower the upper chuck unit 72a and 
the image pickup device 111 such that the upper chuck unit 72a 
is spaced from the lower chuck unit 72b at a third interval C. 
The third interval C is shorter than the second interval B. 
The third interval C is selected to prevent the second 
10 substrate W2 from being exposed to the seal and liquid crystal 
applied on the first substrate Wl . As shown in Fig. 18, the 
center of the first alignment mark Ml is located offset from 
that of the second alignment mark M2 , as viewed in a view 120a 
of the second lens 116. The alignment controller 114 thus 
controls the second movement mechanism 113 such that the 
center of the first alignment mark Ml corresponds to that of 
the second alignment mark M2 (as viewed in a view 120b of the 
second lens 116) . 

Even if the center of the first alignment mark Ml 
corresponds to that of the second alignment mark M2, as viewed 
in the view 120b (when the upper chuck unit 72a is spaced from 
the lower chuck unit 72b at the third interval C), the first 
and second substrates Wl, W2 may be actually misaligned. The 
third interval C is thus selected to contain the misalignment 
25 amount in an acceptable range. 

As described, the image pickup device 111 switches 
between the first lens 115 and the second lens 116. Further, 
the interval between the first and second substrates Wl, W2 is 
adjusted in accordance with the depth of focus of each lens 
30 115, 116. Accordingly, the image pickup device 111 aligns the 
first and second substrates Wl, W2 without contacting the 
substrates Wl, W2 such that the misalignment amount between 
the substrates Wl, W2 falls in the acceptable range. 

A pressing mechanism 36c of the pressing device 36 will 
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now be described with reference to Fig. 19. Fig. 19 is a side 
view showing the pressing mechanism 36c. The pressing 
mechanism 36c applies pressure to the first and second 
substrates Wl, W2, thus bonding the substrates Wl, W2 
together . 

The pressing mechanism 36c is formed like a gate. The 
pressing mechanism 36c includes a support frame 121, a motor 
125, a pair of linear rails 122a, 122b, and a pair of linear 
guides 123a, 123b. The support frame 121 is fixed at a 
predetermined position. The motor 125 is secured to the top 
of the support frame 121, as viewed in the drawing. The 
linear rails 122a, 122b are attached to the support frame 121 
and oppose each other. The linear rails 122a, 122b movably 
support the linear guides 123a, 123b, respectively. Upper and 
lower plates 124a, 124b are held between the linear guides 
123a, 123b. The upper and lower plates 124a, 124b and the 
linear guides 123a, 123b form a support. A support arm 126 
suspends the upper plate 124a. The motor 125 selectively 
lifts and lowers the support arm 126. 

More specifically, a ball spring 127 is connected to the 
output shaft of the motor 125 and rotates integrally with the 
motor 125. The ball spring 127 is fastened to a threaded 
portion 128 that is formed in a top plate 126a of the support 
arm 126. The ball spring 127 thus rotates to selectively lift 
and lower the support arm 126 depending on the direction in 
which the motor 125 rotates. 

The support arm 126 includes the top plate 126a, a bottom 
plate 126b, and a connecting plate 126c. The top plate 126a 
and the bottom plate 126b are parallel with each other. The 
connecting plate 126c connects the top plate 126a to the 
bottom plate 126b. A plurality of load cells 129 are attached 
to the upper side of the bottom plate 126b and abut the lower 
side of the upper plate 124a, as viewed in Fig. 19. 

The upper chuck unit 72a is suspended from the lower side 
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of the lower plate 124b. More specifically, a plurality of 
(four) holes are formed in the lower plate 124b, and each hole 
receives a support post 130. The lower plate 124b includes a 
plurality of level adjusting portions 131 at positions 
corresponding to the holes. As shown in Fig. 20, the upper 
chuck unit 72a is attached to the distal ends, or the lower 
ends, of the support posts 130. The diameter of the upper end 
of each support post 130 is larger than that of the lower end 
such that the support post 130 does not fall from the lower 
plate 124b. Each level adjusting portion 131 is located 
between the upper end of the associated support post 130 and 
the lower plate 124b. 

It is preferred that each level adjusting portion 131 is 
a nut that engages with a threaded portion of the associated 
support post 130. Each level adjusting portion 131 rotates to 
selectively lift and lower the associated support post 130, 
thus adjusting the horizontal level of the upper chuck unit 
72a. In this manner, the level adjusting portions 131 adjusts 
the parallel level between the lower chuck unit 72b and the 
upper chuck unit 72a to 50 micrometers or smaller. 

A pressing cylinder 132 is attached to the bottom plate 
126b of the support arm 126 and supplies pressure to the upper 
chuck unit 72a. It is preferred that a pressing cylinder 132 
is an air pressure cylinder. A pressing piston 133 projects 
downward from the pressing cylinder 132, and the distal end of 
the pressing piston 133 abuts against a pressing member 135 
through a cylindrical coupling 134. The pressing member 135 
is attached to the upper chuck unit 72a. If the axis of the 
pressing cylinder 132 is located offset from the center of the 
upper chuck unit 72a, the coupling 134 cancels the offset 
amount . 

Each load cell 129 measures the pressure from the upper 
plate 124a. If the first and second substrates Wl, W2 are not 
pressed to each other, the pressure is determined as the sum 
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of the total weight Al of the components supported by the 
support arm 126 (the upper plate 124a, the linear guides 123a, 
123b, the lower plate 124b, the support posts 130, the upper 
chuck unit 72a, and the pressing cylinder 132), the pressure 
A2 applied by the pressing cylinder 132 to the upper chuck 
unit 72a, and the atmospheric pressure A3, or (A1+A2+A3) . The 
measurement of each load cell 129 is supplied to a load 
indicator 136. 

When the vacuum chamber 71 is depressurized, the 
atmospheric pressure of about Ikg/cm^ acts on the upper chuck 
unit 72a through the support posts 130. The atmospheric 
pressure acts on each load cell 129 through the lower plate 
124b, the linear guides 123a, 123b, and the upper plate 124a. 
If the motor 125 is driven to lower the support arm 126 for 
bonding the first substrate Wl to the second substrate W2 , or 
if the substrates Wl, W2 are pressed to each other, the 
measurement of each load cell 129 decreases by an amount 
corresponding to the reactive force D of the first and second 
substrates Wl, W2 (=A1+A2+A3-D) . Accordingly, the load 
(pressure) that actually acts on each substrate Wl, W2 is 
determined in accordance with the measurement of each load 
cell 129. 

The load indicator 136 supplies the load controller 137 
with the measurement of each load cell 129. The load 
controller 137 is connected to an electro-pneumatic pressure 
regulator 138. The load controller 137 computes the pressure 
that acts on the first and second substrates Wl, W2 (either is 
not shown in Fig. 19) based on the measurement of each load 
cell 129, when the substrates Wl, W2 are pressed to each other 
between the upper and lower chuck units 72a, 72b. In 
accordance with the computation, the load controller 137 sends 
a correction signal to the electro-pneumatic pressure 
regulator 138 such that a constant pressure acts on the first 
and second substrates Wl, W2 . It is preferred that the 
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electro-pneumatic pressure regulator 138 is a variable 
pressure regulator. The electro-pneumatic pressure regulator 
138 thus varies the air pressure supplied to the pressing 
cylinder 132 in accordance with the correction signal from the 
load controller 137. In this manner, a constant pressure acts 
on the first and second substrates Wl, W2 that are located 
between the upper and lower chuck units 72a, 72b. The first 
and second substrates Wl, W2 are thus bonded together through 
the constant pressure. 

Further, external factors such as the parallel level 
between the upper and lower chuck units 72a, 72b, a foreign 
object trapped in the pressing device 36, and offset 
installation of mechanical components reduce the pressure that 
acts on each load cell 129, in the same manner as the reactive 
force D. Accordingly, the load that actually acts on the 
first and second substrates Wl, W2 is constantly measured 
based on a decrease in the measurement of each load cell 129. 
The load controller 137 supplies the electro-pneumatic 
pressure regulator 138 with the correction signal in 
accordance with the measurement of each load cell 129 such 
that the constant pressure acts on the upper and lower chuck 
units 72a, 72b, regardless of the external factors. 

The load controller 137 sends a movement signal to a 
motor pulse generator 139 to selectively raise and lower the 
upper chuck unit 72a. The motor pulse generator 139 generates 
a pulse signal in accordance with the movement signal and 
sends the pulse signal to the motor 125, thus actuating the 
motor 125 in accordance with the pulse signal. 

Although the pressing cylinder 132 applies pressure to 
the first and second substrates Wl, W2 in the illustrated 
embodiment, an actuator such as a motor may replace the 
pressing cylinder 132. Further, the pressing cylinder 132 may 
be operated in accordance with hydraulic pressure instead of 
air pressure. 
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Further, the position of the lower chuck unit 72b may be 
adjusted instead of that of the upper chuck unit 72a to vary 
the parallel level between the upper chuck unit 72a and the 
lower chuck unit 72b. 

In addition, the pressing cylinder 132 or other pressure 
devices may be omitted as long as the total weight of the 
components held by the support arm 126 generates a sufficient 
pressure for pressing the first and second substrates Wl, W2 
to each other. In this case, each load cell 129 receives the 
total weight Al of the upper chuck unit 72a and the components 
that support the upper chuck unit 72a and the atmospheric 
pressure A3 that acts on the upper chuck unit 72a, when the 
vacuum chamber 71 is depressuri zed . Thus, if the first and 
second substrates Wl, W2 are pressed to each other, the 
measurement of each load cell 129 decreases by an amount that 
corresponds to the reactive force D of the substrates Wl, W2 . 
Accordingly, the load controller 137 determines the pressure 
that actually acts on the first and second substrates Wl, W2 
based on the measurement of each load cell 129 (= A1+A3-D) . 

Fig. 21 is a view schematically showing the transport 
device 38c that transports the first and second substrates Wl, 
W2 from the pressing device 36 to the hardening device 37 of 
Fig. 5. The lower part of Fig. 21 indicates a procedure of 
the main controller 31 for controlling the alignment of the 
first and second substrates Wl, W2 . The transport device 38c 
includes a transfer arm 141, a plurality of transport trays 
142a, 142b, ...142z, and a lift 143. 

The transfer arm 141 electrostatically attracts the 
bonded substrates Wl, W2 , or a panel display PI, from the 
lower chuck unit 72b and transports the panel display PI to 
the exterior of the vacuum chamber 71. The transfer arm 141 
does not necessarily have to be an electrostatic attraction 
type but may scoop the panel display PI from the lift pins 73 
that lift the panel display PI separately from the lower chuck 
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unit 72b. Further, if the upper chuck unit 72a holds the 
panel display PI, the transfer arm 141 receives the panel 
display PI from the upper chuck unit 72a. 

Each transport tray 142a-142z is attached to the lift 143 
one at a time. The lift 143 lifts the corresponding transport 
tray 142a-142z to a receiving position at which the transfer 
arm 141 places the panel display PI on the transport tray 
142a-142z. 

Each transport tray 142a-142z includes a flat plate 144a 
and a vacuum holding mechanism 144b that is secured to the 
lower side of the flat plate 144a, as viewed in Fig. 21. In 
the drawing, only the flat plate 144a of the transport tray 
142z is given the reference index. 

The upper side of each flat plate 144a is machined to a 
flatness of 100 micrometers or smaller. As shown in Figs. 12C 
and 12D, a plurality of attraction holes 145 is formed in each 
flat plate 144a. The vacuum holding mechanism 144b attracts 
the panel display PI to the flat plate 144a through vacuum. 
The vacuum holding mechanism 144b has a check valve. More 
specifically, when one transport tray 142a-142z is attached to 
the lift 143, the attraction holes 145 are connected to an air 
discharge device such as a vacuum pump (not shown) . The air 
discharge device thus attracts the panel display PI to the 
corresponding transport tray 142a-142z through vacuum. After 
the transport tray 142a-142z is detached from the lift 143, 
the check valve prevents air from flowing in an inverse 
direction. Accordingly, the panel display PI is held as 
attracted to the upper side of the flat plate 144a. 

It is preferred that each attraction hole 145 is a round 
hole with a diameter of two millimeters or smaller. The 
attraction holes 145 suppress deformation (waviness) of the 
panel display PI, like the grooves 89 of the upper and lower 
chuck units 72a, 72b. 

The panel display PI is transported to the hardening 
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device 37 as held on the corresponding transport tray 142a- 
142z. More specifically, when bonding of one first substrate 
Wl with the corresponding second substrate W2 is completed, 
the main controller 31 starts to measure the time for each 
panel display PI, or the corresponding transport tray 142a- 
142z. After a predetermined waiting period, the main 
controller 31 permits each transport tray 142a-142z to 
transport the corresponding panel display PI to the hardening 
device 37 . 

Even after the first and second substrates Wl, W2 are 
bonded together, reactive force remains acting on the bonded 
substrates Wl, W2, or each panel display PI. The force is 
gradually released while the seal of the panel display PI is 
being hardened. Accordingly, the release of the remaining 
reactive force from each panel display PI is substantially 
controlled through adjustment of the waiting period. In other 
words, the transport device 38c holds the transport trays 
142a-142z at their waiting positions during the waiting period 
such that the reactive force is substantially released from 
each panel display PI. As a result, by the time the seal is 
completely hardened, the reactive force is completely released 
from the panel display PI. This suppresses a defect in the 
panel display PI. 

If the waiting period is uniform for each transport tray 
142a-142z, the amount of the reactive force released from each 
panel display PI is uniform. This makes deformation level of 
each panel display PI (the bonded substrates Wl, W2) uniform. 
Accordingly, the panel displays PI are stably manufactured 
without variation, thus improving the reproducibility for 
manufacturing the panel displays P. 

The hardening device 37 includes an UV lamp 14 6. The UV 
lamp 14 6 irradiates light of a predetermined wavelength that 
includes a wavelength at which the seal hardens. Further, it 
is preferred that the light has a wavelength that suppresses 
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adverse effects of the light on liquid crystal. Since the 
second substrate W2, or the CF substrate, is located above the 
first substrate Wl of each panel display PI, the UV lamp 146 
irradiates the light to each panel display PI from above. 
During the irradiation, liquid crystal is not directly exposed 
to the light. This prevents the liquid crystal from being 
damaged by the light. 

After the seal is hardened, the transport device 38d 
transports each panel display PI from the hardening device 37 
to the inspection device 35 of Fig. 5. The inspection device 
35 performs an alignment inspection. That is, the inspection 
device 35 inspects each panel display PI to detect the 
misalignment amount between the first substrate Wl and the 
second substrate W2 . The inspection device 35 informs the 
main controller 31 of the detection result. 

The main controller 31 associates the detection result 
with each transport tray 142a-142z. In accordance with the 
detection result, the main controller 31 corrects the 
alignment of the first and second substrates Wl, W2 in the 
pressing device 36 in a feed-back manner. More specifically, 
since each flat plate 144a has a different flatness, each 
transport tray 142a-142z causes a different amount of 
misalignment between the corresponding substrates Wl, W2 . 
Before bonding the substrates Wl, W2 together in the pressing 
device 36, the main controller 31 associates each panel 
display PI with one transport tray 142a-142z. Thus, the main 
controller 31 misaligns the substrates Wl, W2 in the pressing 
device 36 by an amount corresponding to the misalignment 
amount of the associated transport tray 142a-142z. The first 
and second substrates Wl, W2 are then bonded together. This 
compensates the misalignment amount for each transport tray 
142a-142a. 

More specifically, as shown in Fig. 21, the main 
controller 31 stores a misalignment table 147 that includes 
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data associated with each transport tray 142a-142z. For 
example, the misalignment table 147 includes the data 
associated with the transport tray 142a (X: +1, Y: -1) . Thus, 
regarding the first and second substrates Wl, W2 carried by 
the transport tray 142a, the main controller 31 selects the 
data (X: +1, Y: -1) as a correction amount from the 
misalignment table 147. The main controller 31 then moves 
each substrate Wl, W2 in accordance with the correction amount 
for aligning the first and second substrates Wl, W2 . That is, 
the main controller 31 controls the alignment of the first and 
second substrates Wl, W2 in accordance with the detection 
result of the inspection device 35 in a feedback manner. This 
suppresses misalignment between the first and second 
substrates Wl, W2 in each panel display PI. 

The hardening device 37 will hereafter be described with 
reference to Fig. 22. The hardening device 37 includes a 
light source 148, an illuminomet er 149, the irradiation 
controller 150, and a light source lift 151. The light source 
148 includes the UV lamp 146 and first and second reflection 
plates 152, 153. Each reflection plate 152, 153 reflects the 
light of the UV lamp 146 on the entire panel display PI in a 
substantially uniform manner. In this manner, the light 
source 148 exposes the entire panel display PI to a 
substantially uniform energy while preventing liquid crystal 
from being damaged' by the light. If the light source 14 8 does 
not have the first reflection plate 152, the center of the 
panel display PI could be exposed to a more intense light than 
the periphery of the panel display PI. It is thus preferred 
that the light source 148 includes the first and second 
reflection plates 152, 153. 

The light lift 151 supports each transport tray 142a- 
142z. Each transport tray 142a-142z includes an irradiation 
sensor 154. Each irradiation sensor 154 supplies the 
illuminometer 149 with an irradiation signal that has a value 
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(for example, a voltage) representing the intensity of 
irradiation to which the corresponding panel display PI is 
exposed. 

Based on the irradiation signal, the illuminometer 149 
informs the irradiation controller 150 of the intensity of 
irradiation to which each panel display PI is exposed. The 
irradiation controller 150 generates a control signal in 
accordance with the information and sends the control signal 
to the light source lift 151. The control signal includes, 
for example, a signal adjusted to make the intensity of 
irradiation uniform or a signal that varies the intensity of 
irradiation as time elapses. 

In response to the control signal, the light source lift 
151 varies the interval between the transport tray 142a and 
the light source 148, as shown in Fig. 22. It is thus 
possible to easily control the intensity of irradiation to 
which each panel display PI is exposed, even if the 
irradiation of the first light source 148 is varied (due to, 
for example, aging of the UV lamp 14 6, replacement of the UV 
lamp 146, or a change in the reflection surface of each 
reflection plate 152, 153) . Accordingly, the seal hardens 
uniformly, thus suppressing a defect in each panel display PI. 

A second light source 155 identical to the first light 
source 148 may be located below the transport tray 142a, as 
shown in Fig. 22. The second light source 155 irradiates 
light to the panel display PI through the bottom of the 
transport tray 142a, thus hardening the seal quickly. 
Further, in this case, it is preferred that the light source 
lift 151 moves the second light source 155 relative to the 
transport tray 142a. 

The irradiation controller 150 may control the drive 
voltage and drive current of the light source 148 (155) in 
accordance with the amount of irradiation, such that the 
amount of irradiation becomes substantially uniform between 
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the substrate Wl and the substrate W2 . Further, an 
irradiation sensor 156 may be located on the transport tray 
142a. The irradiation controller 150 thus controls the drive 
voltage and drive current of the light source 148 (155) in 
accordance with the amount of irradiation that is measured by 
the irradiation sensor 156. If this is the case, insufficient 
hardening of the seal is suppressed even if the irradiating 
device deteriorates to decrease the intensity of irradiation. 

The illustrated embodiment has the following advantages. 

(1) When the pressure in the vacuum chamber 71 is 
substantially at the atmospheric level, the upper and lower 
chuck units 72a, 72b respectively hold the first and second 
substrates Wl, W2 through vacuum. If the vacuum chamber 71 is 
depressuri zed, each chuck unit 72a, 72b attracts the 
associated substrate Wl, W2 electrostatically. More 
specifically, if the vacuum chamber 71 is depressurized, the 
pressure in each depressuri zat ion line 78a, 78b and the 
pressure in each attraction line 77a, 77b (the pressure that 
attracts each substrate Wl, W2 to the associated chuck unit 
72a, 72b) are controlled to be equal to the pressure in the 
vacuum chamber 71. In this state, each substrate Wl, W2 is 



and is prevented from falling from or moving relative to the 
chuck unit 72a, 72b. This suppresses misalignment between the 
first and second substrates Wl, W2 . 

(2) The attraction grooves 89 formed in the upper 
electrostatic chuck 76a suppress deformation (waviness) of the 
second substrate W2 when the upper electrostatic chuck 76a 
attracts the second substrate W2 . 

(3) The upper electrostatic chuck 76a attracts the second 
substrate W2 when voltage is supplied to the electrodes 92a- 
92d in the dielectric layers 91a-91d. Further, when the first 
conductive connector 94a, which is connected to the dielectric 
layer 91a, supplies pressure to the dielectric layer 91a, the 




held by the associated chuck unit 72a, 72b 
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second substrate W2 separates from the upper electrostatic 
chuck 76a. It is thus easy to control the attraction and 
separation of the second substrate W2 with respect to the 
upper electrostatic chuck 76a. 

(4) The seal material includes a photo-curing adhesive. 
The interval between the light source 148 and the first and 
second substrates Wl, W2 is adjusted in accordance with the 
intensity of irradiation to which the seal to be hardened is 
exposed. The seal thus hardens uniformly, thus suppressing a 
defect in the resulting product . 

(5) The drip controller 53 includes the syringe 55 that 
presses the liquid crystal LC through the nozzle 57 and the 
temperature controller 60 that controls the temperature of the 
liquid crystal LC . The drip controller 53 is thus capable of 
dripping a relatively small amount of the liquid crystal LC 
with a high accuracy without being affected by the ambient 
temperature. Further, the liquid crystal LC is dripped 
without forming bubbles, and the drip amount of the liquid 
crystal LC is maintained as constant. 

(6) The image pickup device 111 is switched between the 
first and second lenses 115, 116, which have different fields 
of view, in accordance with the interval between the first and 
second substrates Wl, W2 . The first and second substrates Wl, 
W2 are thus aligned with a high accuracy without being 
contacted by the alignment device 36a. 

(7) When the first and second substrates Wl, W2 are 
pressed to each other, the measurement of each load cell 129 
does not include the reactive force of the first and second 
substrates Wl, W2 . That is, the measurement of each load cell 
129 reflects the load that actually acts on the first and 
second substrates Wl, W2 . The load controller 137 
electrically controls the electro-pneumatic pressure regulator 
138 in accordance with the measurement of each load cell 129. 
In this manner, a constant pressure acts on the first and 
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second substrates Wl, W2 regardless of the external factors. 

It should be apparent to those skilled in the art that 
the present invention may be embodied in many other specific 
forms without departing from the spirit or scope of the 
5 invention. Particularly, it should be understood that the 
invention may be embodied in the following forms. 

Each of the upper and lower electrostatic chucks 76a and 
76b, as another holding device, can be changed to any known 
holding device, such as a mechanically holding arm (not 
10 shown), for holding the associated substrate Wl and W2 . 

To prevent the side of each substrate Wl, W2 at which the 
components are formed (the component forming side) from being 

□ 

■^g contaminated or damaged, the opposite side of the substrate 

J^' Wl, W2 may be attracted to the associated chuck unit 72a, 72b, 

C8 15 as shown in Fig. 24A. Further, each transfer arm 74 (see Fig. 
i'^ 10), which supports the first and second substrates Wl, W2 , 

^= may include a holder 163 that holds a peripheral portion 162 

s 

[.J, around a component forming portion 161. In this case, the 

I", second substrate W2 tends to bend, as shown in Fig. 24B. If 

C3 20 the second substrate W2 is bent, the second substrate W2 may 
l2 be located offset with respect to the upper chuck unit 72a or 

may not be sufficiently attracted to the upper chuck unit 72a. 

This causes, for example, misalignment between the first and 

second substrates Wl, W2 . To avoid this, the pressing device 
25 36 may include correction mechanisms 165 for correcting the 

shape of the second substrate W2 , as shown in Figs. 23A and 

23B. 

Each correction mechanism 165- includes a holding pad 166, 
an arm 167 that supports the holding pad 166, and an arm lift 
30 (not shown) that selectively raises and lowers the arm 167. 
The correction mechanisms 165 lift the middle of the second 
substrate W2 . More specifically, when the upper chuck unit 
72a attracts the second substrate W2 through vacuum, the 
attraction controller 84 actuates the correction mechanisms 
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165 to correct the bent shape of the second substrate W2 . 

Fig. 25A shows the second substrate W2 in a bent state. 
Each correction mechanism 165 corrects the bent shape of the 
second substrate W2, as shown in Fig. 25B. The upper chuck 
unit 72a is then lowered to attract the second substrate W2 
through vacuum, as shown in Fig. 25C. Subsequently, as shown 
in Fig. 25D, the upper chuck unit 72a is raised and each 
correction mechanism 165 and the holder 163 are separated from 
the second substrate W2 . As a result, as shown in Fig. 25E, 
the upper chuck unit 72a attracts the second substrate W2 at 
an accurate position. This increases the reproducibility for 
attracting the second substrate W2 to the upper chuck unit 
72a . 

Although each correction mechanism 165 of Figs. 23 and 24 
includes the holding pad 166, the correction mechanism 165 may 
be configured in any other manner as long as the bent shape of 
the second substrate W2 is corrected. For example, the 
correction mechanisms 165 may correct the bent shape of the 
second substrate W2 without contacting the second substrate 
W2.' In either case, the correction mechanisms 165 have the 
same advantage. 

As shown in Fig. 26, a transport table 171 may replace 
the transport robot 45 of Fig. 10. The transport table 171 
transports the first and second substrates Wl, W2 together and 
includes an upper holder 172 and a lower holder 173. The 
upper holder 172 holds the second substrate W2 such that the 
bonding side (the components forming side) faces downward. 
The lower holder 173 holds the first substrate Wl such that 
the bonding side faces upward. The upper holder 172 holds the 
second substrate W2 at a position outward from the seal 
applied on the first substrate Wl . The upper chuck unit 72a 
attracts the second substrate W2 from the upper holder 172. 
The lower holder 173 places the first substrate Wl on the 
distal ends of the lift pins 73. The lift pins 73 then allows 
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the lower chuck unit 72b to attract the first substrate Wl . 

The transport table 171 aligns the first and second 
substrates Wl, W2 before placing the substrates Wl, W2 in the 
vacuum chamber 71. The transport table 171 thus transports 
5 the first and second substrates Wl, W2 together as held in an 
aligned state. This shortens the time needed for alignment of 
the first and second substrates Wl, W2 in the pressing device 
36. 

An alignment device 36b, as shown in Fig. 27, may be 
10 employed. In this case, it is preferred that the lower chuck 
unit 72b is detachable from the movement mechanism 113. 
Further, the movement mechanism 113 includes a base stage 175 
□ and a plurality of alignment pins 176. The base stage 175 

supports the lower chuck unit 72b, or a chuck portion. The 
15 alignment pins 176 project from the base stage 175, and 

hi matching alignment holes 177 are formed in the lower chuck 

1 p 

unit 72b. When each alignment pin 176 is fitted in the 

2 associated alignment hole 177, the lower chuck unit 72b is 
j^j^ stopped from moving horizontally with respect to the base 
iy 20 stage 175. 

u 

f== After the first and second substrates Wl, W2 are bonded 

. together, the substrates Wl, W2 are maintained as held on the 
lower chuck unit 72b. The lower chuck unit 72b is then 
detached from the movement mechanism 113. The transport 
25 device 38c of Fig. 5 thus transports the substrates Wl, W2 

together with the lower chuck unit 72b to the hardening device 
37. It is thus unnecessary to transfer the first and second 
substrates Wl, W2 from the transport device 38c to the 
corresponding transport tray 142a-142z. This reduces the 
30 number of the manufacturing steps, and the panel display PI is 
manufactured in a further stable manner. 

As shown in Figs. 28A, 28B, 28C, a plurality of discharge 
grooves 178 may be formed in the attraction side of the upper 
electrostatic chuck 76a, in addition to the attraction grooves 
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89. The discharge grooves 178 equilibrate the pressure that 
acts on a portion of the attraction side of the upper 
electrostatic chuck 76a around the second substrate W2 with 
the pressure in the vacuum chamber 71. 

Each discharge groove 178 extends in a longitudinal 
direction of each attraction groove 89. An end of each 
discharge groove 178 is located in a portion of the attraction 
.side of the upper electrostatic chuck 76a that attracts the 
second substrate W2 . The other end of each discharge groove 
178 corresponds to an end of the upper electrostatic chuck 
76a. The discharge grooves 178 thus discharges air trapped 
between the periphery of the second substrate W2 and the 
corresponding portion of the attraction side of the upper 
electrostatic chuck 76a. This prevents the second substrate 
W2 from moving relative to or falling from the upper 
electrostatic chuck 76a. 

The discharge grooves 178 reduce the contact area between 
the second substrate W2 and the upper electrostatic chuck 76a. 
This further suppresses misalignment between the first and 
second substrates Wl, W2 when the substrates Wl, W2 are bonded 
together - 

Alternatively, the discharge grooves 178 may be formed in 
the attraction side of the lower electrostatic chuck 76b. 
This structure prevents the first substrate Wl from moving 
relative to or falling from the lower electrostatic chiick 76b. 

Each discharge groove 178 does not necessarily have to 
reach the end of the attraction side of the upper 
electrostatic chuck 76a, as long as the discharge groove 178 
connects the portion of the attraction side of the upper 
electrostatic chuck 76a that contacts the periphery of the 
second substrate W2 to the portion of the attraction side of 
the electrostatic chuck 76a around the second substrate W2 . 

If necessary, each substrate Wl, W2 may be aligned by a 
pre-alignment device before the substrates Wl, W2 are 
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transported to the pressing device 36 (for example, before the 
liquid crystal LC is dripped on the first substrate Wl) . The 
pre-alignment device includes a camera and a stage. The stage 
carries each substrate Wl, W2 and moves along the axis X 
(perpendicular to the transport direction of each substrate 
Wl, W2) and rotates in a direction 6. It is preferred that 
the lens power of the camera is lower than that of the first 
camera lens 115 (Fig. 17) . That is, the bonded substrate 
manufacturing apparatus with the pre-alignment device includes 
at least two pairs of lenses that have a power lower than that 
of the second camera lens 116 (Fig. 17) . 

The pre-alignment device stores a reference image and 
compares an image of each substrate Wl, W2 acquired by the 
camera with the reference image. The pre-alignment device 
thus detects misalignment between each substrate Wl, W2 and 
the reference image along the axes X and Y and in the 
direction 6 (misalignment amounts X, Y, and 9) . The pre- 
alignment device moves the stage to correct the position of 
each substrate Wl, W2 in. accordance with the misalignment 
amounts X and 0. The pre-alignment device informs the 
transport device 38b of Fig. 5 of the misalignment amount Y. 
The transport device 38b corrects the position of the first 
and second substrates Wl, W2 in accordance with the 
misalignment amount Y. That is, the transport device 38b 
corrects the misalignment between the first and second 
substrates Wl, W2 along the axis Y while transporting the 
substrates Wl, W2 to the pressing device 36, thus saving time. 
This increases the manufacturing efficiency of the panel 
display PI. 

The reference image of the pre-alignment device is 
obtained as follows. When the apparatus 30 of Fig. 5 is 
assembled, the drip device 33 and the pressing device 36 are 
located slightly offset. The apparatus 30 is thus initially 
operated to detect the offset amount of the devices 32, 35. 
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More specifically, the upper section of Fig. 29 indicates 
a target position 181 for each substrate Wl, W2 in the 
pressing device 36, a target position 182 for each substrate 
Wl, W2 in the drip device 33, and the target position 183 for 
each substrate Wl, W2 in the pre-alignment device. To locate 
each substrate Wl, W2 at the target position 181 in the 
pressing device 36, the substrate Wl, W2 must be located at 
the target position 183 in the pre-alignment device and the 
target position 182 in the drip device 33. In other words, if 
each substrate Wl, W2 is located at the target position 183 in 
the pre-alignment device, the substrate Wl, W2 is eventually 
located at the target position 181 in the pressing device 36. 
Thus, the pre-alignment device acquires an image of each 
substrate Wl, W2 located at the target position 183 and stores 
the image as the reference image. 

The lower section of Fig. 29 indicates a transport path 
of each substrate Wl, W2 from the pre-alignment device to the 
pressing device 36. More specifically, when the pre-alignment 
device receives each substrate Wl, W2 , the center of the 
substrate Wl, W2 is located offset from that of the reference 
position 183. The pre-alignment device thus compares a camera 
image of each substrate Wl, W2 with the reference image and 
determines the misalignment amounts X, Y, and 0. The pre- 
alignment device then moves the stage to correct the position 
of each substrate Wl, W2 in accordance with the misalignment 
amounts X and G. The pre-alignment device informs the 
transport device 38b of the misalignment amount Y as a 
correction value. When the drip device 33 receives each 
substrate Wl, W2 from the transport device 38a, the substrate 
Wl, W2 is located substantially at the target position 182. 
The transport device 38b then moves the first and second 
substrates Wl, W2 from the drip device 33 toward the pressing 
device 36 by a distance that corresponds to the total of the 
interval between the drip device 33 and the pressing device 36 
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and the correction value. Accordingly, by the time the 
pressing device 36 receives each substrate Wl, W2, the 
misalignment amount Y is corrected. As a result, the first 
and second substrates Wl, W2 are located substantially at the 
target position 181 when received by the pressing device 36. 

As described, the pre-alignment device and the transport 
device 38b save time by correcting the misalignment amount Y 
of each substrate Wl, W2 when the substrates Wl, W2 are being 
transported from the drip device 33 to the pressing device 36. 
Further, when the pressing device 36 receives the first and 
second substrates Wl, W2, each substrate Wl, W2 is located 
substantially at the target position 181. The alignment of 
the first and second substrates Wl, W2 in the pressing device 
36 is thus quickly completed. 

Further, the pre-alignment device aligns the first and 
second substrates Wl, W2 through a camera image of the 
substrates Wl, W2 without contacting the substrates Wl, W2 . 
This suppresses dust formation otherwise caused by contact 
between a rough surface of each substrate Wl, W2 and the pre- 
alignment device. 

The pre-alignment device stores the reference image 
during the initialization when the bonded substrate 
manufacturing apparatus 30 is assembled. This compensates an 
assembly error of the apparatus 30. It is thus easy to 
provide an additional treatment device to the apparatus 30. 

The present invention may be applied to, for example, a 
plasma panel display (PDP), an electro-luminescence display 
(EL display) , or an organic display, instead of a liquid 
crystal display. 

When bonding the first and second substrates Wl, W2 in 
the pressing device 36, the upper chuck unit 72a may be used 
as a reference position, instead of the lower chuck unit 72b. 

A heater that thermally hardens the seal may replace the 
UV lamp 146 of the hardening device 37. 
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The transport trays 142a-142z of Fig. 21 may be 
transported together with the lift 143. 

To prevent each substrate Wl, W2 from falling from or 
moving relative to the associated chuck unit 72a, 72b in the 
vacuum chamber 71 of Fig. 11, the pressure for attracting the 
substrate Wl, W2 needs be lower than the pressure in the 
vacuum chamber 71. Accordingly, the pressure equilibration 
valves 82a, 82b may be omitted. In this case, the attraction 
controller 84 opens the depressurization valves 80a, 80b when 
depressurizing the vacuum chamber 71. This structure also 
prevents each substrate Wl, W2 from falling from or moving 
relative to the associated chuck unit 72a, 72b in the vacuum 
chamber 71. 

As in a bonded substrate manufacturing apparatus 201 of 
Fig. 30, some steps other than the pressing step may be 
performed under depressurization. The apparatus 201 includes 
a seal applying device 32, a carrying-in robot 202, a first 
vacuum sub-chamber 203, a bonding chamber 204, a second vacuum 
sub-chamber 205, a carrying-out robot 206, an inspection 
device 35, and a main controller 207. 

A first gate valve 211 is located in the first vacuum 
sub-chamber 203 for receiving the first and second substrates 
Wl, W2 . A second gate valve 212 separates the first vacuum 
sub-chamber 203 from the bonding chamber 204. A third gate 
valve 213 separates the bonding chamber 204 and the second 
vacuum sub-chamber 205. The substrates Wl, W2 are bonded 
together in the bonding chamber 204. A fourth gate valve 214 
is located in the second vacuum sub-chamber 205. The bonded 
substrates Wl, W2, or a panel, exit the second vacuum sub- 
chamber 205 through the fourth gate valve 214. 

The main controller 207 controls the operation of each 
gate valve 211-214, the pressure in each vacuum sub-chamber 
203, 205, the pressure in the bonding chamber 204, the 
operation of the carrying-in robot 202, and the operation of 
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the carrying-out robot 206. The seal applying device 32 
applies seal on the upper side of the first substrate Wl . The 
seal is not applied on any side of the second substrate W2 . 
The carrying-in robot 202 transports the first and second 
substrates Wl, W2 to the first vacuum sub-chamber 203. The 
main controller 207 then pretreats the substrates Wl, W2 in 
the first vacuum sub-chamber 203. In the pretreatment , 
impurities adhered to the surfaces of each substrate Wl, W2, 
or a display element, are exposed to reaction gas and 
replacement gas for a predetermined time. The reaction gas 
is, for example, exciting gas for plasma panel displays. The 
replacement gas is, for example, inactive gas such as nitrogen 
gas . 

A pretreatment device that performs at least one of 
heating, plasma treatment, and the aforementioned gas 
treatment may be located in the first vacuum sub-chamber 203. 
If the heating is performed, the substrates Wl, W2 are heated 
to alter the surface quality of each substrate Wl, W2, 
activate the bonding surface of each substrate Wl, W2, and 
remove water from the substrates Wl, W2 . If the plasma 
treatment is performed, the impurities and substances that 
cannot be activated through the reaction gas or the 
replacement gas or the heating are removed using plasma. 

The pretreatment stabilizes the quality of the bonding 
surfaces of the substrates Wl, W2, which cannot be separated 
once they are bonded together. More specifically, an oxide 
film formed on each substrate Wl, W2 or a foreign object 
adhered to the substrate Wl, W2 alters the surface state of 
the substrate Wl, W2 . The alteration is non-uniform among the 
substrates Wl, W2, thus hampering stable fabrication of panel 
displays. However, the pretreatment suppresses formation of 
the oxide film and adhesion of the foreign object and removes 
impurities from the substrates Wl, W2 . This maintains the 
surface of each substrate Wl, W2 in a certain state and 
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stabilizes the quality of a product. As described, since the 
bonded substrate manufacturing apparatus 201 does not require 
a separate pretreatment device, the productivity for 
manufacturing bonded substrates is improved. 

To prevent the plasma treatment from adversely affecting 
the seal on the first substrate Wl, it is preferred that the 
seal is masked or that plasma is generated in the portions 
other than the seal. 

When fabricating a liquid crystal panel display, the 
liquid crystal drip device 33 of Fig. 5 may be located in the 
first vacuum sub-chamber 203. 

After the pretreatment, the first and second substrates 
Wl, W2 are transported from the first vacuum sub-chamber 203 
to the bonding chamber 204. The pressing device 36 of Fig. 5 
is located in the bonding chamber 204. The pressing device 36 
includes the alignment device 36a of Fig. 17 (or the alignment 
device 36b of Fig. 27). 

The main controller 207 controls the pressure in the 
bonding chamber 204 and supply of the aforementioned gases. 
Further, the main controller 207 aligns the first and second 
substrates Wl, W2 and bonds the substrates Wl, W2 together. 
More specifically, the main controller 207 measures the time 
that elapses after the bonding chamber 204 receives the 
substrates Wl, W2, thus controlling the time for which the 
substrates Wl, W2 are exposed to the gases. This stabilizes 
the quality of the bonding surface of each substrate Wl, W2 . 
The bonded substrates Wl, W2, or a panel, are transported from 
the bonding chamber 204 to the second vacuum sub-chamber 205. 

The transport device 38c and the hardening device 37 of 
Fig. 5 are located in the second vacuum sub-chamber 205. 
After depressurizing the second vacuum sub-chamber 205, the 
main controller 207 transports the first and second substrates 
Wl, W2 to the second vacuum sub-chamber 205. The main 
controller then operates the hardening device 37 to harden the 

- 61 - 



seal in the second vacuum sub-chamber 205. Since the seal is 
hardened under depressurization, the substrates Wl, W2 are 
prevented from becoming offset from each other when the 
pressure is restored. 

The first vacuum sub-chamber 203 or the second vacuum 
sub-chamber 205 may be canceled. 

Alternatively, a plurality of first vacuum sub-chambers 
203 may be provided in parallel. In this case, a plurality of 
pairs of first and second substrates Wl, W2 are pretreated in 
the first vacuum sub-chambers 203. Afterwards, each pair of 
first and second substrates Wl, W2 is bonded together in the 
bonding chamber 204, one pair at a time. This reduces the 
manufacturing time per one bonded substrate, or one pair of 
first and second substrates Wl, W2 . 

The alignment device 36a of Fig. 17 may perform the 
correction of the image pickup device 111 as follows. That 
is, the alignment device 36a stores the positions (within the 
field of view) of the alignment marks used for aligning the 
first and second substrates Wl, W2 . When receiving the 
substrates Wl, W2, the alignment device 36a horizontally moves 
the image pickup device 111 in accordance with the difference 
(the coordinate difference) between the actual position of the 
alignment mark of each substrate Wl, W2 and the stored 
positions . 

More specifically, as shown in Fig. 31A, a reference 
substrate that has an alignment mark MO is transported to the 
alignment device 36a, after the position of the reference 
substrate is corrected by the method shown in Fig. 29. Thus, 
even if the position of the reference substrate becomes offset 
during the transportation, the alignment mark MO of the 
reference substrate is located within the field of view Fl of 
the first camera lens 115 (Fig. 31A) . Further, when the image 
pickup device 111 is moved by a predetermined distance to 
acquire an image of the reference substrate with the second 
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camera lens 116, the alignment mark MO of the reference 
substrate is located within the field of view of the second 
camera lens 116. The alignment controller 114 of Fig. 17 
stores the position (coordinates X, Y) of the alignment mark 
MO in the field of view Fl of the first camera lens 115. 

Subsequently, the first substrate Wl is transported to 
the alignment device 36a. The first camera lens 115 of the 
alignment device 36a acquires an image of the alignment mark 
Ml of the first substrate Wl . In Fig. 31B, the alignment mark 
Ml is located in the field of view F2 of the first camera lens 
115. The alignment controller 114 computes the position 
(coordinates x, y) of the alignment mark Ml in the field of 
view F2 . The alignment controller 114 moves the first camera 
lens 115 in accordance with the difference between the 
computed coordinates (x, y) and the stored coordinates (X, Y) 
such that the position of the alignment mark Ml corresponds to 
the position of the alignment mark MO in a corrected field of 
view F2a (Fig. 31C) . Accordingly, when the first camera lens 
115 is switched to the second camera lens 116, the alignment 
mark Ml is reliably located in the field of view of the second 
camera lens 116. 

Further, the movement amount of the image pickup device 
111 for switching the first camera lens 115 to the second 
camera lens 116 may be corrected in accordance with the 
difference between the computed coordinates (x, y) and the 
stored coordinates (X, Y) . 

In addition, the above operation, which includes the 
storing of the positions of the alignment marks MO, Ml in the 
field of view, may be applied to a substrate W3 that has a 
large alignment mark Ma and a small alignment mark Mb. The 
first camera lens 115, which has a relatively small power, 
acquires an image of the large alignment mark Ma. The second 
camera lens 116, which has a relatively large power, acquires 
an image of the small alignment mark Mb. For example, as 
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shown in Fig. 32, four large alignment marks Ma, each of which 
is paired with one small alignment mark Mb, are located at 
predetermined positions (four corners) of the substrate W3. 
Each large alignment mark Ma is spaced from the corresponding 
small alignment mark Mb at a predetermined interval. Further, 
a substrate to be aligned with the substrate W3 (for example, 
the second substrate W2 , if the large alignment marks Ma and 
the small alignment marks Mb are located in the first 
substrate Wl) includes a plurality of alignment marks (not 
shown) that correspond to the large alignment marks Ma and the 
small alignment marks Mb of the substrate W3 . 

As shown in Fig. 33A, the axis of the first camera lens 
115 and the axis of the second camera lens 116 are spaced from 
each other at an uniform interval. Fig. 33B is an image of 
one large alignment mark Ma acquired by the first camera lens 
115 when the large alignment mark Ma is located at an optimal 
position. Fig. 33C is an image of one small alignment mark Mb 
acquired by the second camera lens 116 when the small 
alignment mark Mb is located at an optimal position. The 
alignment controller 114 stores the images of Figs. 33B, 33C 
and the position of the image pickup device 111 corresponding 
to the image of Fig. 33B relative to the position of the image 
pickup device 111 corresponding to the image of Fig. 33C. 

Fig. 33D is an image of one large alignment mark Ma of 
the substrate W3 acquired by the first camera lens 115 when 
the substrate W3 is transported to the alignment device 36a of 
Fig. 17. The alignment controller 114 computes the movement 
amount and movement angle (X, Y, and 0) of the image pickup 
device 111 for locating the large alignment mark Ma at the 
position corresponding to the stored image of Fig. 33B. The 
alignment controller 114 moves the image pickup device 111 in 
accordance with the computed movement amount and movement 
angle . 

Subsequently, the alignment controller 114 moves the 
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image pickup device 111 by a certain amount to switch from the 
first camera lens 115 to the second camera lens 116. This 
movement amount is equal to the interval between the position 
of the image pickup device 111 corresponding to the image of 
Fig. 33B and the position of the image pickup device 111 
corresponding to the image of Fig. 33C. Thus, as long as the 
substrate W3 remains unmoved, the offset amount of the small 
alignment mark Mb in the field of view of the second camera 
lens 116 can be predicted from the position of the large 
alignment mark Ma in the field of view of the first camera 
lens 115. 

In this manner, the alignment marks are reliably located 
in the field of view of each camera lens 115, 116. 
Accordingly, when the substrate bonding is performed, the 
second camera lens 116 reliably acquires the small alignment 
mark Mb in its field of view, as shown in Fig. 33E. As a 
result, the substrate alignment is achieved further precisely. 

The movement amount of the image pickup device 111 is 
controlled using a pulse. Further, the first and second 
camera lenses 115, 116 may be attached to separate cameras. 
If this is the case, the interval between the cameras (the 
optical axes of the camera lenses 115, 116) must be fixed. 

The numbers, the positions, or the shapes of the large or 
small alignment marks Ma, Mb may be modified as necessary. 
For example, as shown in Fig. 32, a pair of large alignment 
marks Ma may be located at a pair of positions (near the 
middle of the upper side and near the middle of the lower 
side) of the substrate W3 , Further, each alignment mark. Ma, 
Mb, MO, Ml, M2 may be shaped as a square or a cross. In 
addition, the alignment marks of one substrate may have 
different shapes, thus making it easy to determine the 
orientation of the substrate. 

The pre-alignment may be performed using the large 
alignment marks Ma before the first and second substrates Wl , 
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W2 are transported to the pressing device 36. Fig. 34 shows a 
portion of the pressing device 36, or the alignment device 
36a. A pre-alignment device 221 pre-aligns the first and 
second substrates Wl, W2 before the substrates Wl, W2 are 
transported to the pressing device 36, which includes the 
alignment device 36a of Fig. 17. 

The pre-alignment device 221 includes an image pickup 
device 222, a movement mechanism 223, a controller 224, a 
chuck unit 225, and a stage (not shown) . The movement 
mechanism 223 moves the image pickup device 222. The 
controller 224 controls the movement mechanism 223. The chuck 
unit 225 holds a substrate W. The stage moves the chuck unit 
225. More specifically, the stage horizontally moves the 
chuck unit 225 in the direction X parallel with the transport 
direction and the direction Y perpendicular to the transport 
direction. Further, the stage rotates the chuck unit 225 in 
the direction 9. The image pickup device 222 includes a third 
camera lens 226 with a power smaller than that of the first 
camera lens 115. That is, for example, the power of the first 
camera lens 115 is x6, that of the second camera lens 116 is 
xlO, and that of the third camera lens 226 is x2 . The third 
camera lens 226, the first camera lens 115, and the second 
camera lens 116 acquire images of one large alignment mark in 
fields of view Fll, F12, F13, respectively, as shown in Fig. 
34 . The bonded substrate manufacturing apparatus with the 
pre-alignment device 221 includes the second camera lens 116 
for precise alignment and at least two lenses that have lower 
powers than that of the second camera lens 116. Although not 
illustrated, a plurality of pre-alignment devices 221 are 
located at positions at which each pre-alignment device 221 
can acquire an image of the corresponding large alignment mark 
Ma . 

The controller 224 stores a reference image of the large 
alignment mark Ma acquired by the third camera lens 226. The 
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reference image is obtained as follows. A reference substrate 
is positioned at an optimal position in the alignment device 
36a. The reference substrate is then returned from the 
pressing device 36 to the pre-alignment device 221 as shown in 
Fig. 29. Subsequently, the pre-alignment device 221 acquires 
an image of the large alignment mark Ma of the reference 
substrate. The controller 224 stores this image as the 
reference image. 

Afterwards, the pre-alignment device 221 receives the 
first and second substrates Wl, W2 (only the first substrate 
Wl is shown in Fig. 34). The pre-alignment device 221 then 
acquires an image of the substrate Wl with the third camera 
lens 226 and compares the image with the reference image to 
measure the offset amount between the position of the first 
substrate Wl and the reference position (X, Y, and 9) . The 
offset amount is substantially equal to the relative 
coordinate position (the offset amount) of the corresponding 
small alignment mark Mb of the substrate Wl that is received 
by the pressing device 36 without being pre-aligned, the image 
of which is acquired by the second camera lens 116. That is, 
the pre-alignment device 221 predicts the offset amount of the 
substrate Wl that would otherwise be detected in the alignment 
device 36a. 

The pre-alignment device 221 moves the stage to 
compensate the offset amount of the substrate Wl . A transport 
device 227 then transports the substrate Wl to the lower 
holder 173 of the transport table 171. Similarly, the second 
substrate W2 is transported to the upper holder 172 of the 
transport table 171. The transport table 171 then transports 
the first and second substrates Wl, W2 to the pressing device 
36. Since the substrates Wl, W2 have been pre-aligned by the 
pre-alignment device 221, the corresponding small alignment 
mark Mb of each substrate Wl, W2 is located substantially at 
the middle of the field of view (along the optical axis) of 
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the second camera lens 116 of the pressing device 35. This 
suppresses distortion of an image and reduces alignment 
errors. The alignment thus becomes precise. Further, the 
second camera lens 116 acquires the small alignment mark Mb in 
its field of view in a relatively short time. This shortens 
the time required for aligning the first and second substrates 
Wl, W2 and bonding the substrates Wl, W2 together. 

Alternatively, devices other than the chuck unit 225 may 
correct the position of each substrate W (Wl, W2) . For 
example, as shown in Fig. 29, the transport device 227 may 
move the substrate W toward the transport table 171 by a 
movement amount that compensates the offset amount (X) of the 
substrate W in the transport direction. Further, the 
transport device 227 may compensate the offset amount (6) of 
the substrate W by receiving the substrate W with an arm of 
the transport device 227 inclined in accordance with the 
offset amount (9) with respect to the transport direction. In 
these cases, the first and second substrates Wl, W2 are 
transported to the pressing device 36 such that the 
corresponding large alignment mark Ma is located in the field 
of view of the first camera lens 115 and the corresponding 
small alignment mark Mb is located in the field of view of the 
second camera lens 116. 

Instead of moving the lower chuck unit 72b of Fig. 19 by 
means of the movement mechanism 113, the chamber 71 and the 
lower chuck unit 72b may be moved together, thus aligning the 
first and second substrates Wl, W2 . For example, an alignment 
device 230 of Fig. 35 may be employed. The alignment device 
230 includes a vacuum chamber 231 and a movement mechanism 
232. The vacuum chamber 231 has an upper section 231a and a 
lower section 231b. The vacuum chamber 231 is connected to a 
pump 236 through a pipe 233, a valve 234, and a pipe 235. The 
vacuum chamber 231 is depressurized through the operation of 
the pump 236 and that of the valve 234. An opening/closing 
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mechanism (not shown) supports the upper section 231a with 
respect to the lower section 231b to selectively open and 
close the vacuum chamber 231. The movement mechanism 232 
rotationally supports the lower section 231b and moves the 
lower section 231b in two directions along a hypothetical 
plane. The vacuum chamber 231 accommodates an upper chuck 
unit 237a and a lower chuck unit 237b. A fixed support plate 
239 supports the upper chuck unit 237a through a plurality of 
support posts 238. A bellows 240 is located around each 
support post 238 between the support plate 239 and the upper 
section 231a. The bellows 24 0 maintains the vacuum chamber 
231 in an air-tight state. The lower chuck unit 237b is 
secured to the bottom of the lower section 231b. 

An 0-ring 241 and a temporary stop pin 242 are located 
between the upper section 231a and the lower section 231b at 
positions where the upper and lower sections 231a, 231b 
contact each other. The 0-ring 241 seals the space between 
the upper and lower sections 231a, 231b. When the movement 
mechanism 232 moves the lower section 231b, the temporary stop 
pin 242 moves the upper section 231a to follow the movement of 
the lower section 231b. 

In the alignment device 230, the vacuum chamber 231 in an 
open state receives the first and second substrates Wl, W2 . 
The upper chuck unit 237a holds the second substrate W2, and 
the lower chuck unit 237b holds the first substrate Wl . After 
receiving the substrates Wl, W2 , the vacuum chamber 231 
closes. The valve 234 and the pump 236 then operate to 
depressurize the vacuum chamber 231. 

The vacuum chamber 231 in the depressurized state is 
moved to align the first and second substrates Wl, W2 in the 
alignment device 230. This structure requires a significantly 
less number of parts, as compared to prior art alignment 
devices 250, 260 respectively shown in Figs. 36 and 37. 
Further, the alignment device 230 advantageously suppresses 
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particle generation from the 0-ring 241. In addition, the 
temporary stop pin 242 advantageously connects the upper and 
lower sections 231a, 231b to each other with high accuracy. 
However, since the depressuri zation of the vacuum chamber 231 
enables the upper and lower sections 231a, 231b to closely 
contact each other, the temporary pin 242 may be canceled. 

Fig. 36 schematically shows a first prior art, or the 
alignment device 250, and Fig. 37 schematically shows a second 
prior art, or the alignment device 260. 

The first prior art alignment device 250 includes a 
vacuum chamber 251 that has an upper section 251a and a lower 
section 251b. The lower section 251b is fixed, and the upper 
section 251a is movably supported by a movement mechanism (not 
shown) . The vacuum chamber 251 is opened by moving the upper 
section 251a. 

The vacuum chamber 251 accommodates an upper chuck unit 
252a and a lower chuck unit 252b. The upper chuck unit 252a 
is secured to a fixed support plate 254 through a plurality of 
support posts 253. A bellows 255 is located around each 
support post 253 between the support plate 254 and the upper 
section 251a. The bellows 255 maintains the vacuum chamber 
251 in an air-tight state. The lower chuck unit 252b is 
connected to a support plate 257 through a plurality of 
support posts 256. A movement mechanism (not shown) 
rotationally supports the support plate 257 and moves the 
support plate 257 in two directions along a hypothetical 
horizontal plane. A bellows 258 is located around each 
support post 256 between the support plate 257 and the lower 
section 251b. The bellows 258 maintains the vacuum chamber 
251 in an air-tight state. An 0-ring 259 is located between 
the upper section 251a and the lower section 251b at a 
position where the upper and lower sections 251a, 251b contact 
each other. 

Accordingly, as compared to the first prior art alignment 

- 70 - 



device 250 of Fig. 36, the alignment device 230 of Fig. 35 
requires a significantly less number of parts, thus making it 
easy to maintain the alignment device 230. 

The second prior art alignment device 260 of Fig. 37 
includes a vacuum chamber 261 that has an upper section 261a 
and a lower section 261b. The upper section 261a is fixed, 
and the lower section 261b is rotationally supported by a 
movement mechanism (not shown) . Also, the movement mechanism 
moves the lower section 261b in two directions along a 
hypothetical horizontal plane. The upper section 261a 
accommodates an upper chuck unit 262a, and the lower section 
261b accommodates a lower chuck unit 262b. The upper and 
lower chuck units 262a, 262b are fixed. An 0-ring 263 is 
located between the upper section 261a and the lower section 
261b at a position where the upper and lower sections 261a, 
261b contact each other. 

Accordingly, the alignment device 260 of Fig. 37 requires 
a significantly less number of parts, as compared to the 
alignment device 250 of Fig. 36. However, in the alignment 
device 260, the lower section 261b moves relative to the upper 
section 261a for aligning the fist and second substrates Wl, 
W2 . This makes it difficult to maintain the performance of 
the 0-ring 263, which seals the space between the upper and 
lower sections 261a, 261b. Further, particles are generated 
from the 0-ring 263 or the like when the lower section 261b 
slides along the upper section 261a. This is undesirable 
since the particles contaminate the substrates Wl, W2 before 
they are bonded together. In contrast, the alignment device 
230 of Fig. 35 suppresses the particle generation and makes it 
easy to maintain the 0-ring 241. The alignment device 230 is 
thus preferred for a long-term operation. 

A hardening device 270 of Fig. 38 may replace the 
hardening device 37 of Fig. 22. The hardening device 270 
includes a light source 271, a controller 273, and a cooling 
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mechanism 274. The light source 271 is identical with the 
light source 148 of Fig. 22. Further, a second light source 
276 identical with the light source 155 of Fig. 22 may be 
located below a chuck unit 275. 

The chuck unit 275 supports the substrates Wl, W2 that 
are bonded together, or a panel PI. The chuck unit 275 is 
configured to suppress reflection. That is, for example, the 
chuck unit 274 may be provided with a black surface that 
absorbs light. Since reflection is suppressed on the chuck 
unit 275, the seal of the panel PI hardens in a substantially 
constant time. If reflection is not suppressed on the chuck 
unit 275, the seal of the panel PI is exposed to both the 
light from the light source 271 and the light reflected on the 
chuck unit 275. The seal thus hardens in a relatively short 
time as compared to the case in which the seal is exposed to 
only the light from the light source 271. This makes it 
difficult to control the time for hardening the seal. 

The cooling mechanism 274 maintains the temperature of 
the surface of the chuck unit 275 that faces the light source 
271 at a predetermined level such that the time for hardening 
the seal of the panel PI substantially remains in a certain 
range. More specifically, the seal of the panel PI is 
hardened by the light from the light source 271. Thus, the 
surface of the chuck unit 275 that faces the light source 271 
is heated by the light that passes through the panel PI, or 
the heat transmitted from the panel PI. Further, since the 
chuck unit 275 suppresses reflection by, for example, 
absorbing light, the temperature of the surface of the chuck 
unit 275 that faces the light source 271 easily increases. 

If the temperature of the surface of the chuck unit 275 
that faces the light source 271 increases, the heat from the 
chuck unit 275 starts to harden the seal of the panel PI 
immediately after the panel PI is mounted on the chuck unit 
275. This makes it difficult to determine the onset of the 
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seal hardening, and the seal hardening time cannot be 
controlled. Further, if the light irradiation time for the 
chuck unit 275 with a non-heated surface is applied to the 
chuck unit 275 with a heated surface, the heat may deteriorate 
or damage components of the panel PI such as liquid crystal, a 
driver IC, and a transistor. 

The cooling mechanism 274 includes a temperature 
detecting mechanism 281 and a surface cooling mechanism 282. 
The temperature detecting mechanism 281 has a sensor 283 and 
the controller 273. The sensor 283 detects the temperature of 
the surface of the chuck unit 275 and includes a sensor head 

284 and a thermometer 285. The sensor head 284 detects the 
surface temperature of the chuck unit 275 in a non-contact 
manner, thus outputting a detection signal. The thermometer 

285 converts the signal to temperature data. The controller 
273 then compares the temperature data with pre-stored target 
temperature data. 

The surface cooling mechanism 282 includes the controller 
273, a compressor 286, a gas blower head 287, a gas drawer 
head 288, and a gas drawer pump 289. The controller 273 
controls the compressor 286 in relation to a result from the 
aforementioned comparison. The gas blower head 287 is 
connected to the compressor 286. Accordingly, the gas blower 
head 287 blows gas toward the surface of the chuck unit 275, 
thus cooling the chuck unit 275. The gas drawer head 288 is 
connected to the gas drawer pump 289. The gas drawer pump 289 
thus operates the gas drawer head 288 to draw the gas blown 
from the gas blower head 287. This improves the cooling 
efficiency. . 

The present examples and embodiments are to be considered 
as illustrative and not restrictive and the invention is not 
to be limited to the details given herein, but may be modified 
within the scope and equivalence of the appended claims. 
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